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PREFACE 

About eight years ago Messrs. J. and A. Churchill invited mo to 
write a new work on pharmacognosy that would give a modern 
presentation of the subject. At the aamo time the publishers suggested 
that I might use any figures or other material from the textbook of the 
late Professor li. G. Greenish, and I have made full use of the permission 
thus given mo and havo obtained much assistance from that source. 

In witing this hook, it has been my aim to avoid any tendency to 
produce an encyclopaedic treatise or one having tho character of a 
dictionary of inatcria mcdica, but to develop tho subject by a logical 
application of scientific principles. This outlook has necessitated a 
considerable rearrangement of subject-matter and a deferment of 
discussions of general principles to the end of tho book, when a study 
of details should have provided material upon which such discussions 
could bo based. 

Tho subject-matter of pharmacognosy is so great ond varied that it 
is necessary to make a selection so as to keep a textbook within 
Tcasonablelimita ; I have theiudoip excluded a number of less important 
items, while at tJie a^o tijup aflaing aYew commodities of more recent 
introduction and pClieri) umich Jiavd Fcgaiixcd a place in pharmaceutical 
practice. Dotajls^ff practical work are omitted as being unsuitable 
for inclusion ip a, peek giving an account of the theorotjcal aspect of 
the subject, ^instructions for the practical examination of the drugs, 
either in the unground condition or in tho form of powder, are to bo 
found in the autliot's “ Praotical Pharmacognosy.” 

Particulars relating to'^tho .chemical structure of constituents of the 
drugs should bo studied in ^^ho^'chemioil literature, and details of 
processes of chemical assay be found'in tho pharmacopoeias and 
in such journals as the Quarl^rli/ Journal of Pharmacy and Pharmacology 
and The Analyai. A useful and interesting account of many assay 
processes and excellent photographic illustrations of important drugs 
are given in ” Chemistry and Pharmacy of Vegetable Drugs,” by 
Kocl L. Allport, P.R.I.C., a book which can bo recommended as 
supplementary to, the present textbook. 

Particulars relating to standards adopted for official purposes must 
bo found by consulting tho various pharmacopoeias, the British 
Pharmaceutical Codex and other official publications, so that the 
reader may he acquainted with the most recent legal requirements, 
which ore constantly undergoing revision to keep pace with the 
advance of knowledge and the trend of current medical and pharma- 
ceutical practice. Habitats also should bo studied by reference to a 
good Atlas, which may be usefully supplemented by an atlas of 
economic products, many of which are included in tho materia medico 

No attempt has been made to give a review of tho historical develop- 
ment of pharmacognosy, iluch information is available relative to 
the early practice of medicine, as also are accounts of explorations in 
many parts of tho world, and there is much literature describing 
medicines used in tho past. It would, however, need an expenditure 
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of much time {vnd imticiico to ahscss the influonce of all these factors 
in developing the materia medica of modem times. I have been unable 
to give adequate attention to this interesting topic and have decided 
to omit from the present book any snmninrlsed account of the evolution 
of pharmacognosy. Historical notes upon the introduction of 
individual drugs are given under the headings of many of the more 
important drugs. , 

Slany of the illustrations aro entirely new and have been specially 
dravTi by the author. A considerable number, howover, has been 
taken from those selected from ContiiU'fital authors by tho late 
Professor Greenish for the illustration of liis book, while twelve figures 
arc from photographs and two from drawings by Professor Greenish 
himself. Fourteen figures, or parts of them, are reproduced from the 
Pharmaceutical Journal and tno from tho Chemist and Druggist by 
permission of the respective editors. To my wife, Alice M. Wallis, I 
am indebted for the whole or parts of six figures" and for redrawing 
five figures from other authors. Mr A. I. Robui-sonandJIr. Eldershaw 
have given me advice upon modern drying plant and tho Sturtevant 
Engineering Company has kindly fiiipplicrl the drawings for Figs 24 
and 25. The sources of the figures are acknowledged in the legend 
attached to each 

Dr. G B West has kindly read and criticised tho articles and 
drawings dealing with the endocrine glands. For assistance in proof 
reading I am much indebted to Mr. F. Hemming and to Mr. J, W. 
Fairbaim for reading the galley proofs and to Mr. W. W. Binns for 
reading the page proofs. 


T. E. WALLIS. 
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PHARIMACOGNOSY 


CHAPTER I , 

INTRODUCTION 

Crude drugs of vegetable and animal ongin form the subject-matter 
■\vith •which phatmacognosj’ is concerned. A large number of these 
crude drugs, e.g-, Irish moss and cantharides, consist of entire plants 
or animals ; others consist of entire members of plants or animals, e.g., 
senna leaflets and thyroid glands ; others agam are substances derived 
from plants or animals by more or less elaborate processes of extrac- 
tion, e g., catechu, aloes, opium, resins, etc. These substances, catechu, 
aloes, etc., are complex bodies consistmg of several components 
occurring mtimately mixed together in fairly deflnite proportions and 
are crude drugs in contradistinction to other extracted materials, such 
as strychnine, caffeine, strophanthin and cantharidm, which are pure 
chemicals and are therefore excluded from pharmacognosy as separate 
items of study. The constitution, molecular structure and properties 
of these chemical entities fall mthm the province of chemistry ; it is 
only their occurrence as constituents of crude drugs and their general 
properties as members of classes of constituents that are mcluded in 
pharmacognosy. Starch stands in a rather different position ; it is not 
a pure chemical entity, with a defimte roeltmg pomt and uniform 
constitution ; it has, on the other hand, a characteristic morphology, 
enabling one to distinguish between the different kmds, whicli are 
chemically similar. Hence, although starch is obtained by a process of 
extraction from plants and is a purified product, it is included m the 
subject-matter of pharmacognosy. 

Other categories of substances used by the medical practitioner and 
by the pharmacist are also included, for example, the fibres and 
fabrics used for making surgical dressings ; materials used as stramers 
for filtration or for clarifymg cloudy liquids , also substances such as 
agar, gelatin and wax, •which although used to a limited extent as 
remedial agents, are more largely employed as bases or vehicles for the 
luanufaciuto of ointments, suppositories, lozenges and other special 
tj^ies of medicament or of preparations, accessory to the medical art, 
such as culture media and certain types of toilet article. Materials 


111 a Miiue beiise, su as to fuciuue an titusu maieiiais wuicii cuiue 
legitimately within the purview of pharmacy. 

All the substances referred to above, together with minerals and 
inorganic and organic chemicals constituteil the old materia medica of 
the medical practitioper an<i lb© pharmacist. Before tho study was 
systematised, they were commonly described as independent units and 
for cose of reference were arranged alphabetically under tho great 
Viuis'B nuoi. 1 ^ 
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clivisions of minerals, plants and animals. The earliest books contain- 
mg these dcscription.\ ivcre known as « beibaJs ” and the more recent 
ones as textbooks of materia merlica. Examples of tlie old licrhak 
are the “ Ortus Samtatis,” 148§, hy an unknown author, the " De 
Historia Stirpium,” 1542, by L^nhart Fuchs, “ A New Herball,” 
1551, by William Turner. 

The Ortus SftBitatiS,’* mmmng tho Qanlen of Health, is imtteu in 
Latin and was pubhshwl nt itlainz ui 1491. It contains an account <v{ 
materia medica from tlie ftnimah vcgotablo and minsml kingdoms, tho 
Items bemg airangetl alphabetically. Tiio book is illustrated by rough 
wood-cuts, many of them copied from an older work, knoTPii as the 
£tiR:r.w. ffi3!r«it9 



CAPusttm. CJpw iiirtinu 

Fm. J. T»ro pages from tho “ Ortus Sanitatia** (1617 edit.); bo^Iefl-hand 
pages each js hca^d “ Tiactotus,” Irc&tiso ; the remainder of tho 

caption, vi 2 ., " de Herbis." » e., abo-ut herbs, ia oa the right-hand pages 
(see under Starch), The t»hotor^''b« ’ nnings of Chapter 85 

r» - • . . , A rough woou-cut 

. , After a description, 

under the heoding 

“ Herbavius zu Teutscb,’* wWeb is a Gorman translation made by Johan 
von Cube, of tho Latin “Hoiboriiw,’* a book of unknowir outfiorship. 
Tli« “nr#..f , . luring much of tho Bucteouth 

■■ I> li “ s •, •' ' onbart Fucha, is concerned 

■* ^ of the book w»s fo provide 

illustrated descriptions by wliioh tho plants ^lsod in modicino 
could bo correctly identified- The plants are arranged aiphabeticnlly 
under their Latin names, 

** ANewHetball,” 1661, by William Tumor. Tiii-s was the only notable 
English herbal produced during the sixteenth century and tho earliest 

Englishbook,whichgaveatrulyscientificftccovm<^nfTi)Hr,*c y- 
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another quauit treatise knowixfV3“YoGroteHerbaU”{“Tlio Groat Herbal” 
— a translation from a French book very flimilar to the ” Ortua Sanitatis "). 

To tbo accounts of tho drugs in the earlier textbooks of materia 
modica, there was graduall}’ added an increasing amount of detail 
about their action and about the preparations made from them, and an 
arrangement of the drugs of vegetable and animal origin bas^ upon 
the accepted botanical and 20 o)ogica) classifications u’as adopted by 
many authors. A very good example of such an elaborate treatise is 
that of Pereira (1839) ; his “ Slatcna Mcdica ” included a full account 
of phj’sical methods of treatment — such as the application of heat and 
electricitj’ — and of mineral and chemical substances, aa well as of 
crude drugs from the animal and vegetable kingdoms. Such an 
encyclopaodic mass of knowledge became unwieldy and bej'ond the 
power of one author to treat satisfactorily and it was eventually 
subdivided into sections each of which could be developed by 
BX>ecialists. In this way there became established the following four 
distinct departments of study — all dealing nith drags, but from 
different points of riew : — 

1. Fharmaceatical chemistry* which was developed in this country 
by Professor J. Attficld in a textbook which ran through about twenty 
editions. Tliis subject includes the theoiy and fundamentals of 
Bcientifio chemistrj’, hut emphasis is focu<«sed upon chemical substances 
of pharmaceutical importance. 

2. Pharmacy or Pharmaceutics, which is conccme<l with the modes 
of treatment of chemicals and crude drugs in the preparation of 
galenicals and medicines in forms suitable for admim«tmtion. 

3. Pharmacology or Pharmacodynamics, under which heading are 
studied the responses of organL^ms when subjected to treatment by 
drugs. One may note hero that the term plmrmacolog)' was formerly 
(up to about ISriO) svmonjTuou^ with the old matena roedica as defino<l 
by Pemm, but has becoJiio gradoalJy Jimifed m me.ining to pure 
plinnnarodynainicH, oh this department was termed by Pereira and is 
still usually named in the Unitcsl States of America. 

•1. Pharmacognosy, wliich is the scientific study of the ptructuml, 
phvfiical, chemical and sensor)’ characters of erudo drugs of animal and 
vegetable origin and includes also their histoiy, cultivation and 
collection, nn<l other pnrticulnrH relating to the trentmont they receive 
during their junwige from the pnxlucer to the ilistributor or pharmacist. 
O . • .1 . .. ».t ^ , of 

" fumph- 

dnigs," Indicating that they exi«t ns they occur naturally, not having 
Iks’h compoun<le(ior mixisl with other sidwtanees. Tlie term ” minple ” 
is u«c<l m the titles of l»ook« written by aonie of tlie earlier iiuxlcni 
rrench pharmneognostslH, who dcserilH* their l)ooks as histones of 
pimple limps, f g., OiiilKuitl'p *“ Ili«toirr de Drogues Pimples " , the 
term *' Pimpliris '' wm us«s| as a general heading for the pame 
Hiil»stnnrtH in the l.ondon I’lnrmarejxeis. 

In ]<urr>uing tlx- Ptndv of a nuiiiNT of ii><livi>l>ii! ilnigs. ote iiiusi 
n«I<ipt pome particular Pi.’sjticjice of nrrangrmtnt, » t one must devis,* 
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fiOTTio system of classification of tho materials. The simplest method 
of arranging a number of disconnected items is to set them out in 
alpha^tical order, and, if there are no connecting features of a 
scientific nature, the nlplmbctical arrangement is tho only possible one. 
This method is adopted in certain modem books, uhich have the form 
of dietjonaries or encyclopedias of materia incdica ; a good oxample 
18 Reuttcr’s “ Trait(i do Matifero M&Hcale et do Cliimio Wefitaie,” 
Pans. 1928. 

Many authors, especially tho earlier onc.s, have utilised tho classifica- 
tion of those other sciences, a knowledge of which is necessary before 
entering upon a Systematic study of pliannacognosy itself. For this 
reason, one find.s te.xtbooks arranged according to a biological or 
chemical or pharmacodynamical (pharmacological) classification. 
Such arrangements seem to indicate that pharmacognosy is a sub- 
division of tho science, tho clas-sification of which fs adopted by the 
author. This, however, is a mistaken standpoint, for pharmacognosy, 
while utilising the information furnished by all those fundamental 
sciences, is itself a distinct entity. Classification proper must therefore 
arise out of pharmacognosy and must bo ba.ecd upon some fundamental 
characteristics which will bring drugs into largo groups, each having 
some particular feature m common. The larger groups must be further 
subdivided into smaller sections by the use of other characters which 
apply to smaller numhera of drugs within tho larger groups. For tho 
elaboration of a helpful system of classification the t^-pe of character 
chosen must boar a direct relationship to tho nature of pharmacog* 
nosticaJ work. Tho chief fimotJoiM of a pbarroacognosist are in 
number, namely, to identify the source of tho material forming tho 


classification should accentuate stnictiiral similarities and dificrcnces 
between drugs ; other features, such a.s chemical properties, can be 
included as accessory in/ormafion. Such a classification is best 
obtained, in tho ease of dnigs composed of plant or animal members 
and shelving a definite cellular stnicturo, by making groups dh a 
morphological basis, thus bringing together similar structures such as 
leaves, roots, etc. For the large number of drugs which have no 
cellular structure and consist of such materials as dried juices, secre- 
tions or extracts, groups are obtained by using tho method of prepara- 
tion or the nature of the constituents or some other convenient natural 
connecting link between the individual drugs. Having decided upon 
the large groups into whicli the materia medica is to be divided for the 
study of pliarmaoognosy, it remains to consider the order of treatment. 
The sequence adopted should be as logical as can bo devised, lending 
generally from simpler to more complex structures Not only must 
one consider the comparative complexity of tho gross structure, but 
one must associate with it the microscopical structure and endeavour 
to combine all the factors to the greatest advantage. The series of 
group.s selected and the sequence adopted in this book will be found 
set out in the Table of Contents on pp. vii-ix. 
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Arishjg out of the scjentific of drugs is the ' 

Btnictirg accurate and snfBcient ■ 

utilises n*' 
pure 6ci 
details, 

rapidly recognised. 

of the pieces of drug ; ■ . 

fracture and texture; lasve ; f5' p''*'-*-*’ 

sample, by -which one indim*"* ’ 

exPiKu- 

anc 
of < 


I 

cursive . 
order of ■ 



i*. ■ " * !>.' u . iiuormation concerning anj- given d""'* ' ’"j 
nuiurolly into sections each relating - t 

knowledge a n/i i- . , . 

m a definite , ('. . . 

biological 8 . * ...wi>' and nnme.^ (2) 

Cultlvatloa t 1‘. including details of cultivation of tJ-nj 

plant, methods of collection, clrj'ing, packinr '*’ • , { 

the <lrug dunne its r>»v— - «• j _ . . ^ 

including the 

fracture, etc. , ' ■ ' 

Jl,/-- • 

‘ , ’ f ' ' , av.>o. Con* 

8ti' ■ ■ . ..v*t-.o coastitucnts and also other 

coi «ineu may ne^ can-ful consideration -when devising 

processes of extraction for the manufacturo of galenicals or when 
studying comjiaiabihty in disiiciu-mg practice. Chemical i(-.ts of 
identity arc based upon the nature of the comtilucnt.s (5) Evaluation, 
This involves quantitatiie nu'a.surenient.s of two lypi's , the first is 
based upon the physical characters awl the secoi*'! •••'- 
stiluenls. The resultinc . . . 

■ . ...... 

• \ ' \ • ... lie (fi) Adaltenmts, 

. ■ • ...huu irawdulentU and nho matler which has 

iH'Coine as-'oeiated with the drug omng to c-arrleism^is m handling 
during cidli-ct ion, packing and transport. 
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STARCHES 

Kamo and History. Tiio Latin and En;;lish names of starch Iioth 
roprosont an opitomo of Iiistory. The eorJiest eforch wnn nuulo from 
whont by tho Greek iiihabitanfa of tlio island of Chios, olT tho const of 
Asm Minor ; tho manufactiiro was iIoHcrilKKl by tho Imtin writer ^^nrcll^ 
Porcius Cato about 184 d.o. In hia “Do ro rustica " atul later by another 
Roman, Pliny tho Elder, aliout a.d. CO. Thb name given by thoao authors 
to tho wliito jmwdor pnxlucoil was 
amylum, which is derived from two Greek 
wonU, a, without, and mi/los, a mill, 
indicating that tho atarcli was made 
<hrect!y from tho gmin without tho u«o of 
a mill, in rontrmlistinction to flour, for 
which n mill was U'a^d. Tho gmin was 
aonkod in water till thoroughly softened 
and the magma won knea<U'd oncIosc<l in 
a bag form^ of cloth, see Fjg. 2, from 
“Ortus Sanitatis.*’ 

During tho Middle Ages (a.d, COO-ICOO) 
tho manufneturv bccomo on important 
Dutcli industrj' and tho starch was uwd 
chiefly for stiiToning fabrics, especially 
for tho uso of tho nobility and liighor 
occlosinstics. Starcb began to be rondo 
In England during tho reign of Quoort 
Elizabeth (lC58olC03), who luul a special 
court ofllcial for lamulrj* starching. It is 
from this uso of starch that tho English 
' ' ' ' ’ * ' variant of 

ing starch 

continued tmtil about a.d. 1700 and. since 
wheat was the staple source of human 
foo<l, many enactments woro mado to 
regulate tho manufacturo. At times it 
was entirely forbidden and at other times 
poimitted under supervision, or a charter 
was granted to somo special corporation enabling it to manufacturo starch 
from specified types of groin unfit forhumon food. During the oightoentli 
century search was tljoroforo made for ether and cheaper sources of 



Fio. S. Pago from the ” Ortus 
S&TUtatis ” (1617 edit.) »how. 
ing Chapter 21 on Starch. 
Tho wood'Cut shows tho 
primitive process of msnu* 
focture. 


sources of starch were tried, such as horse cliestmit seeds and conns of 
Arum tmeuJatum, but no appreciable quantity of stnrcli was over mado 
from them. 

About 1800 starcli began to bo manufactured in the Unite<I States of 
America from maize, and this plant is tlio source of tho greater jwirt of 
starch of modem times. Rico came to be used on a large scale about 1850 
and still forms an important source of staieh. 

Sources, Starch is the most common carbohydrate reserve and is 
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found in varying amounts in almost all plant members, in soroo of 
which It is merely transient while in others it is stored in quantity for 
future use. Starch is ahrays extracted from those members of plants 
which contain reserve food stores, because these are the only parts in 
M hich starch accumulates in sufficient quantitj’ to make its extraction 
a commercially economic process. Different plants often utilise 
different plant members for the storage of reserve starch and con- 
sequently, in the preparation of commercial starches, many different 
parts of plants are used as the raw material. For example, sago is 
derived from tho stems of the palms Metroxylon sagus and M. Rumphii 
and Florida arrowroot from tho stem of a cycad, Zamia fioridana ; 
potato starch from the tubers of S<danMm tuberosum ; tapioca and 
cassava starch from the enlarged roots of Jilanihot vlilisstma and 
Dioscorea alala respectively , arrowroot from the rhizomes of the 
West Indian Maranta arundinaeea and tho East Indian Curcuma 
angustifoUa and C. levcorhiza , ivhent, maize and rice starches from tho 
fruits of cereals and pea and bean starches from the seeds of leguminous 
plants. Tho methods used for tho extraction of the starch vary 
according to tho structure and composition of tho raw materia! and 
details are given under the individual starches. 

^V^^cat starch is manufactured chiefly m Germany and Czecho- 
slovakia ; roalzo starch in the Umted States of America, Canada, 
Great Britain and Germany ; nco starch in Britain, Holland and 
Belgium ; potato starch chiefly In Germany. 

fi^uiactoie o! Starch. Of the common cereal starches, wheat 
starch is made from flour, raatzo starch from tho entire fruits and nco 

' * • ' . * • ’ ' i . tho propara- 

■ • • _ I . • . imposition of 


Bto 19 
Oto 14 
10 to 14 


In the case of wheat and rice the preliminary milling processes have 
removed tho embryo and bran, while both tliese structures are present 
in tho fruits of maize. Otlicr points to notice are tlmt the starch 
granules in wheat, potatoes and arrowToot rhizomes lie loosely in tho 
cells, while in maize and rice they arc closely i>ackc<l ami agglutinated 
together j tho sepirated protein also varies much in character, being 
glutinous and adJicrcnt in wheat, while it is non-adherent in maize. 
From thwo considerations it is evident that tho proccfwes used for tho 
manufacture of the different starches mast vary considerably m detail 
according to tho nature of the raw material. 

MannlactTirs ol Wheat Starch. Wlieaten flour (from the grains or 
fruits of rri/i'cum crjifinmi I.am., family Gramincm) is made into a 
dough by mixing it with -10 pfr cent, of its weight of water and is 
allowed to stand for an hour to permit the gluten to swell. Tlie dough 
is made into lumps, each weighing soxoral pounds, and the starch U 
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washed oufc on a machine consisting of a grooved roller which wor^ 
to and fro over a fired horizontal board, flanked by sieve surfaces. 
During this mechanical kneading, the dough is continually sprinkled 
with water which carries the starch into a colbcting trough while the 
gluten remains as a soft, yeiloAvish-grcy mass. Tlie starch is commonly 
separated by spinning the liquors in centrifuges having imperforate 
drums ; the large granules collect against tho drum ns a compact 
layer of comparatively puro starch and a softer layer of glutinous 
starch forms upon the inside, while in tho centre is a liquid containing 
a small amount of vciy fine starch and gluten. The liquid is drawn off, 
the glutinous starch removed by scraping and the ooinpacfc white starch 
reserved. Tlie glutinous starch is purified by allowing it to ferment 
for a week or two, thus eSecting a partial degradation, and solution of 
the gluten, and the starch is removeil by washing and sedimentation. 



Fio 3. Fruit (caryop^rt) of Zea jl/ay-* Linn. A. broad Burfaoo showing the 
e'cternoi features. B, longitudinal section through the oinbryo. Both 
>5 3. 


The starch is finally dried on trays, about 5 X 3 ft , made of canvas 
stretched on a wooden frame and each holding from 4 to 8 lb. of 
starch. The trays are arranged in stacks and heated air is circulated 
over them ; tho drying takes about twenty-four hours and the product 
is lump starch. The lumps are powdered in special mills and sifted 
through a fine silk cloth. Tho wheat gluten obtained as a by-product 
command a higher price than the starch and is used as an adcUtion to 
fodders and foodati^. Os a thickening agent in textile printing and 
in diabetic dietaiies. 

Mantdacture ol Maize Starch. To prepare starch from maize (the 
grains ox fruits of Zea Mays Linn., famify Gramme®) processes must 
be devised to remove bran, aleurone, embryo and oil, and the cellulose 
walls ofthe endosperm , see Fig. 3. Grains of maize are steeped for two 
to four day^ in water at 40® to 60® ; after the first one or two changes of 
plain water, which remove dirt, about 0-3 per cent, of sulphur dioxide 
is added to the water. Tho steeped maize is passed between rollers 
which split and partially crush the grains ; this liberates much starch 
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and detaches the embryos from the remainder of the grains. The 
material is transferred to a “ degenninator,” which is usually a 
V-shaped trough with a screw-conveyor along the bottom. This 


through a No. 90 sbaking-siove and the coarse solid matter left on the 
sieve is ground in stone mills and then pumped on to the sieves to 
remove more of the starch ; the residue on the sieves is chiefly bran 
and gluten. The combined liquors from the sieves are passed over finer 
shakmg-sieves, about No. 160, which remove some fibrous and 
glutinous matter. The liquor from these sieves is concentrated by 
sedimentation and is then allowed to flow at a rate of about 4 to 8 in. 
per second over depositmg tables or runs, which are troughs of wood 
or cement about 120 ft. long by 1 or 2 ft. wide and C to 8 m. deep, wth 
a fall of about 4 m. in the entire lengthy The starch settles on the 
tables and the liquors fiowmg away contam fibre and gluten and a 
small amount of toe starch which it is uneconomical to recover The 
deposited starch has associated with it about 50 per cent, of water and 
O' 6 per cent, of protein. A second Sibling will reduce the protein to 
0*3 per cent. , sometimes very dilute caustic soda is used to aid this 
final purification. The damp starch is drained m perforated, cloth- 
lined moulding boxes, about 5 ft. x 9 in. x 9 m., until the moisture- 
content is about 44 per cent., after which it is made into cubes of 
7 to 8 m edge and transferred to warm “ crusting kilns ” where the 
surface becomes brownish to a depth of ^ to i in The crust is scraped 

05 and the residue is powdered in spcciaUy constructed mills and sifted 
through a toe silk cloth. 

The embryos which are removed durmg the process are dried to 
about 4 per cent, moisture and are pressed to yield maize oil which is 
used for soap making ; the maize germ cake obtained after the expres- 
sion of the oil is a valuable feeding stuff contaimng about 21 per cent, 
of protein and 13 per cent, of oil. 

Uannlacture oi Rice Starch. About 8 parts of broken nco (the 
fruits of Oryza sahm Linn , family Gramineie) are steeped in about 
16 parts of a 0-4 per cent, solution of caustic soda ; the mass is stirred 
every six hours and the liquor changed oimry eighteen to twenty-four 
hours ; the process is complete when the gram can be crushed between 
the fingers. This treatment loosens and partially dissolves the 
glutinous matter which holds the starch granules together. The 
steeped rice is ground in a stone milt with 2 parts of the dilute soda to 
each part of the steeped rice and a milky fluid results which contains 
about 25 per cent, of sobds. This starch suspension may be diluted 
until it contains about 2*6 per cent, of solids and then allowed to settle 
in vats or it may bo treated in centrifuges for the removal of the starch. 
The thick starch suspension is put into cloth-lmcd boxes, about 

6 ft. long X 9 m. x*9 in , having perforated bottoms and allowed to 
drain, the boxes being filled up -with more of the suspension as the mass 
contracts. The damp starcli, containing about 44 per cent, of water, 
is cut into cubical blocks and transferred to a crustmg-oven at 50° to 
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alcohol, ether, acetone, etc., it fa alao insoluble in cold water, but it 
rapidly sinks in water owing to its high density, which varies from 
1-62 to 1-65. 

TIio fact that fetarch lias a density of about 1-G may bo utilis<xl for tho 
separation of starch from mixturea such as baking powders and also for 
the detection of small quantities of impuritios such as sand or crystals of 
calcium oxalate, which arc found in starclies prepared from stems of 
cj’cads, such as Zamia floridana A.DC., which is tho source of Florida 
arroivroot. 

Tlie separation is effected by sodimentation or by contnfugntion in an 
indifTorent fluid having a density intennodiato between that of the starch 
and of tho material to bo separated. Chloroform, bromoform and mixturos 
of tho two are often usod for this purpose. 

It should not impart more than a very slight reaction to water, 
wheat and potato starchea being usually faintly acid while rico starch 
IS faintly alkaline and maize starch fa usually neutral, although somo 
inferior varieties arc sometimes faintly alkaline. Air-drj' starch 
obtained from wheat, maizo or rico contains on an average about 
13 i>er cent, of moisture, arrowroot contains about 14 to 17 per cent, 
of moisture and jiotato starch about 18 to 20 per cent. Starches are 
marlttdly hygroscopic and will absorb water until the amount present 
fa about 3o to 37 per cent. Treatment with boiling water causes tho 
geUtinisation of starch and a cloudy viscous fluid, described oa 
inucilago of starch, results. Tho vfacosity of the mucilago formed 
depends upon tho variety of starch usod and upon tho time for which 
tho fluid is heated, a maximum viscosity being attained after a certain 
time wliich is different for each starch and further heating rtssulta in a 
decrease o! viscosity. The foUovrtng data are compiled from tho work 
of Harrison flOll). 


starch 1 

UaUcogm \bmsltz 
Water > 1 

Tits* tu ktUJa 
suxlraum Tlicutlt} 

Ulieat . . . . ■ 

1 3 

35 imimtcs. 


2 3t 

35 tu CO miutiti'x 

Maizu 

3-5 1 

6 lioiini. 

Pototo .... 

23 to 65 

Id to 15 mmutet 


Tho above figures relate to a 1 per cent, mucilage mado by taking 


dcterminod ; it has Ik^u variously n*garded as a mixture or a compound 
of starch and io<hne, and more recently as being lodmo adsorbed by tho 
Htarch. Tlie amount of iodine od.«orb«l in tho prcr.cnee of an exccs.s of 
iodine is a constant and is used by some workers as a means of 
determining sUrch qu.anlitativcly. Tlie wi-iglit of starch lotlide 
imiltiplicil by the factor 0*SSC5 (Chinoy, Iklwnrrls and Xanji, Analyst, 
69 lU'34), G73) givi*s the amount of iit.sfvh prrcii'itnted as io»ln!e. 
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Constituents o! Starch. Starch conswts of two or tiirco chemically 
individual sub'stanccs, all closely related to the sugars, distributed 
tliroughoixt the body of tho starch granule in diflerent physical states. 
The important constituents aro polj'meriscd amyJosc, amylopcctin and 
araylo-hemicelluloso ; tho tu’o first arc present in all starches, while tho 
third is found m notable q^uantities in certain starches only, such as 
those derived from graminaceous seeds. Polymerised amylosc lias as its 
basal umt a-hoxa-amyloso, an a polysaccharido related to maltose 
and a suggested formula is [(CglljoOjlJj ; this constituent is soluble 
in water. Amylopcclin is a phosphoric ester of tlie polysaccharido 
aphoxa-amyloso ; it forms a gelatinous material with water and is the 
constituent which imparts tho gelatinising property to starch. Amyh- 
hemicellulosc is the calcium-magnesium or iron-salt of a silicic ester of a 
Xiolysacchando and appears to bo absent or almost absent from certain 
starches, such as those of potato and arrowroot. Tho iiolymeriscd 
amyloso and amylopcctin are present in all starches in tho proportion 
of about two of tho former to ono of tho latter. Twent^'-fivo per cent, 
of the polymerised amylo^c exists a.s a crystalloid phase in tho form of 
sphooritcs constituting a core round tho liilum of tho granule and is 
readily extracted by water or by diluto alkali. Tlie remainder of the 
amylosc is in the colloidal phase dispersed uniformly in the amylopcctin 
layers , it apjicars to cxi.st m a solid solution or so strongly adsorbed 
on the amylopcctin as to lesist extraction (seo Ling and Kanji,J.C.S. 
1028 T, p. C2U). 

Structoe o! Starch. Structurally starch consists of colourless and 
highly refractive granules (refractive index about 1*5) wliich aro 
microscopical in size — not exceeding ICO microns in maximum 
dimension — and possess definito morphological characters which are 
evident under the nucroacope as a bilum and striations or concentric 
rail T«.. pn.....-,..’ • » . . ' r »hter point according 

as • ’ varied, is tho part of 

the ^ • 1 i* Tho Iiilura is not 

always distinguishable, especially in very small gramile.s ; when 
evident it may bo placed centrally or may bo nearer ono end than the 
other, t e. eccentric Tho end of the grannie, nearer to which the 


hilum 18 situated is frequently termed tho " proximal ” end, while the 
cud further away is tho ” distal ” end. Tlio degree of eccentricity of 

tho lulum is recorded as a fraction, e.g. j ^ or to oto., tho 

numerator and denominator of tho fraction representing respectively 
the proportional distances from tho hilum to tho proximal and distal 
ends of tho granule. The striations or concentric rings aro fine lines 
surrounding tho hilum or, in the case of granules showing a marked 
eccentricity, forming parallel arcs traversing tho granules more or less 
transversely ; ' 


of starch granu 


as shell-liko en 


not quite unifo 

or colloid, and m moistuio content ; they therefore possess different 
refractivities, so producing tho appearance of fijio concentric rings. 
Both tho hilum and the striatioiu are moro clearly seen in com- 



GBLATIXZSATZOX IS 

niercial starchea than in granules observed ' • 

Thw is due ‘ • ■ ■ 

and to tlio r 

during the I ' ' ^n.»nn.o uiv subjected during 

their prcparui.ioa lor the market. As a consequence the r>r*r.-i 

becomes replaced by a hollow o- . 


•' ■ ’ . , j.g crossed nicoh, starch 

as luminous objects on a black backgroimd, some 
starches, such ns potato, being more brilliant than others, such a.s 
wheat Another appearance produced by the polari^Pfl % 

cross composed of black ■' . ■ 

If the nicols arc rotated th 

while the granules arc dr jiu-.-. rurther brilliant 

effects can bo produced in polarised light by the me of a selenite 
plate, whicli is placed under the slide carrying the starch The field 
then appears uniformly colourei!, the most usual colour being red or 
blue, and the starch granules show four regions similar m form to those 
marked out by the cross st'cn In ordinary polarised light, but two aro 
colourcrl red or blue, t.c., the same colour ns tlio field, and the other 
tavo alternating u*ith them aro coloured with the complementary tint, 
viz., green or orange Tlie whole of the colours change to the coraplc* 
mentary ones when the analyser Is rotated For observation of tlio 
effects of po!arisc<l light, a highly refractive mounfant should be used , 
Canada balsam is BUitable for permanent mounts and lactophenol for 
temporary ones. Kxamination m polarised light is p.irtioularly useful 
wlien one wishes to identify granules as atarch, without Kuhjt'ctmg 
them to the action of any clicnucal reagent 
The behaviour of starch towanis uv/lrr m «>f nmsulL'iablo miertjseopical 
interest. Atr-ilr^' Ktnrch coiilnins lUiout 1 1 to 2^ (vr e*'nt of moisturu ninl 
IS capable of nlisorlung muoli U»nr<*c n to almut Sa to 37 

rv.tii »..* e • . a VL‘ 0 ' slight BWrlJinR in 

Starch uhx h Jiiis lx<>>n 

. . ‘ 'inpi'mHin- ah. ••••••' ■( 


of u 

IS 


■ . ■ . • , iuhI cnunil.— ..f tlux-- funus, 

S.SP 1 ig -1 (•.■laliiiw-.l Kramile^ an* m ftu'l i.ij’iin.u nn'J nbo 

m stirii ilni.rH as mnivrie .»*ir A-* Hi«nh imiMnJ'-s it imlcr ih.. 

arUun «.{ uaior, th'*\ !<»«“• j>.iw. r of ufT'S'tme h.-hi 
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Constituents of Starch. Starch coiwists of two or iha*o chemically 
individual nul)^tanccs, all closely rohtwl to the utigan, difltrihutcd 
throughout the body of the htarcli granulo in diflcTent phy«ica! nt.nti-s. 
The important constituents am polyinen‘;wl nmylose, nniylojicclin and 
.amylo-hcmicclhiloso ; the t\io first are present in all hlarches, while the 
third IS found in notable (jii.inlitiofl in certain starches only, such as 
thoso derived from grnminacoous seeds. VdymCTxAcd atnylosc has ns its 
basal unit a-hoxa-amylo'^e, an a polysaccharide related to maltose 
and a suggested formula is [(OgiljoOs);]) ; this constituent is soluhle 
in water. Aviylopcctm is a phosphoric ester of the jioly.saccharido 
ct^hexa-amylose ; it forms a gelatinous material with %s atcr and is the 
con-stituent which impartH the gelatinising jirojicrty to utarch. AmyJo- 
hemiccllulosc is the oaUiuni-magncsintn or iron-salt of a Hih’cic ester of a 
polysaccharide and appeam to bo absent or almost ah>>ent from certain 
starches, such as those of potato and arrowroot. The polymerisc<l 
amylose and amylopoctm arc present in nil Htarches in the jirojHirtion 
of about too of the former to ono of the latter. Twenty-five t^r cent, 
of the polymcri'-cd nmylo-e exista ns n cryMalloid pha,se in iho form of 
sphoorites constituting a core round the hilutn of the granule and is 
readily extracted by water or by dilute alkali. Tlu* remainder of the 
amylo^e is ui the colloidal i)ha«e dispc'rscd uniformly in the amylopoctin 
layerw , it appoarn to e.\l^t in a solid solution or ho strongly adsorbwl 
on the amylopectin as to resist c.xtraction fsee Ling and isnnji, J.C.S. 
1028 T. p U20). 

Struewe o! Starch, fitructumlly starch consist.s of colourless and 
highly refractive granuic.s (refractive index about 1*5) which are 
microscopical in hize — not exceeding ICO' microns in ma.Titnum 
dimension — and pos-esss definite inor])TioIogical characters Mhich are 
evident under the microscope as a liiliim and striations or concentric 
rings The hilum, u hleh appears os a darkiT or lighter point according 
as the focussing adjustment of the microscope is varied, is the part of 
the granule that wa.s first formed in the pla-slid. Tlic hilum is not 
always distinguishable, especially iii very small granules ; when 
evident it may bo placed centrally or may be nearer ono end than the 
other, 1 e. eccentric. The end of the granule, ncarar to which the 
hilum 13 situated is frequently termed the “ proximol ” end, while the 
end further away is the *' distal ” end. TIio degree of eccentricity of 


the liilum is recorded as j 


) etc., the 


a fraction, c.y. j ^ or to c 

numerator and denominator of the fraction representing respectively 
the proportional distances from the hilum to the proximal and distal 
ends of the granule. The striatioas or concentric rings are fine lines 
surrounding the luluni or, in the case of granules showing a marked 
eccentricity, forming parallel arC-s traversing the granules moro or less 


not quite imiiorm m composition, m physical condition, e.g., cryTitalloid 
or colloid, and in moisturo content ; they therefore possess different 
refractivities, so producing the appcaranco of fine concentric rings. 
Both the hilum and the striations aro moro clearly seen in com- 
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aiul tlio tompnruturo at ^vliicli tlioy ccRftato ox)iil>it tJio cliaractt'riH(ic'cro«n 
IS narnc<l tho gdatinisation ttmpaxitnrf. Tin's tomporaluro has boon foim'l 
lo varj’ with tho botanical soiirco of tlio starch an<I jt has boon attornptofi 
to uso (bis (latum as a moans of distinguishing tho dilTorcnt starchos ; tho 



Fio 4. fitarch of wheat (Tnlicum sativum) partially ('('latinised by iK’ating 
to 80* C. for four Iiourx. X 200. 


(hfT('rcncc«, howovor, nro not surticiontly marktxl to otjnhio ona to do this 
HuccoHSfully, Somo of tho toiniwmtures rcconled nro givon in tlio 
accompanyrng (able : — 






st»reli 

t«mpcr«tur« 

In *0 

fiUfcb 

(«inp<*ri(iire 
fn •U 

Wheat . 

(14 to G5-6 

Pea (Pt 0 im /intivtim) 

08 to 74 

Rico 

74-75 

Gmgor, Jamaica , 

82 to 80 

Mairo 

(12-25 to 71 

Gingor, Cochin 

00 

Potato . 

00 

Sorghum 

07 to 70 

Maranta . 

71-5 to 77 


Oat 

03 



Uoan {Vida Falxi) . 

05 




(iolntinisation may also bo mdu(Mxl at ordinary tomiHiiaturos by using 
aaturnted solutions of cortain wits, such as calcium chloricio or by acids 
and alkahos. Tho gnlfttinrsation produced by a cold 0-0 por cont. solution 
of caustic potash or 0-04 por cont. solution of caustic soda is iLsod to 
distinguish starch of potato from that of maranta, since tlio latter shows 
no marked alteration while tho Inrg(}st grarmlos of potato starch arc 
golntinisod at onco, tlio medium sizoit ones after a short intor\’aI and the 
smallest show an onlargomont of tho liiluin. In a similar way ryo starch 
can bo identified in admixtnio with wheat starch, since granules of ryo 
starch are gelatinised at onco whilo those of wheat staicli show no 
immediate chango, tliough swolling commences after a short time. In 
making such observations, stamlAiil atarches should Iw uh?( 1 for piiqioso^ 
of comjwrison. 

In any paitioiilm- sliueli tlio vaiiations sliown hy cacli fealiin' of 
the gianiiles aic laigo ; they nro, howovor, confined A\itliin limits for 
oath plant, and althoiigli somo granule.^ of one staich may h(» visually 
indistinguishable from certain of another starcli, the sum of tho 
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chftrnctcrF, including behaviour towards reagents and jjolari-^ed liglit, 
is usually suflicicnt to clmractcrisc flto starch derived from a smglo 
sjK'ciw of plant. 

M£U 2 Q sfarch consUta of granules tlml are fairly luiifunn in .size, 
measuring 5 to 25 microns ^ (^), mostly 10/* to 15/* in diameter ; thev 
arc polyhedral \\-ith hhmt angles or more or less rounded. In tho 
centre there is often ft small cleft, or two or three mdi.ating from a 
centre — the position of tho hilum It conlauvs amylohenucellidoses in 
addition to polymensed amyloao nnd nmylopcctm. Commercial maize 
starch is ujuially iioutml, but some samples give an alkaline nmetion. 
The granules arc simple and number about 790,000 per mg. of tho 
nir-dry eommercinl starch. Tho moisture content is almut 13 per cent. 
Sco Fig. 5. 

Wheat starch consists of larger gnumles about 16 to 50 microns m 
diameter ami smaller granules about 0 to 7 microns ; granules of 
mtermediato size are few, 'The larger granules are lenticular and tlio 
hilum appears as a central |>oint or, when the granules are on their 
edges, as a line. TJio largest granulw j^n'sent measure from 40 to 
50 microns, but there are rerj' few over 43 microns. Tho number of 
granules i>cr mg. of tho air-dry starch measuring 40 nucrojw and 
over is about 450, and this is an important figure because it dhtinguiahes 
nheat starch from barley starch which contains no granules larger tlian 
30 microns In athlition to omyloso and nmylo^clin wheat starch 
contains 10 fx-r ce/it. of amylohomieelluJose, See Fig 5 

Wee starch consists of minute gnuas, averaging about Cpin <ba meter. 
Tliey are jwlyhcdral, with shar|> angloH, ami watlioiit evident concentric 
strlu , a hilum is visible in the larger gmmilr.s ComjJovmd gramiles 
an* prewnt and consist of from 2 to 150 comjwnents . they are rare 
in commercial starch because they become broken into individual 
gran»h*s during the process of preparation Tlie overage n«ml#er of 
granules |K*r mg of the ivir-dry commercial starch h 10,500,000 and the 
nunslurv conlc-nl is al>oiit 12 to 15 |x*r »*ent In addition to amyloso 
mill amvlo))ectin rice starch contains 20 |K‘r cent of amylohomi- 
ct'Hulose* Commercial rice starch is usually alkaline m n-actiou Stvi 

Fig- 5. 

Potato starch is used n.s a dtsmlegmiit m making mediemal tnlili*ls 
It H also etteasivel} emploj'eil for vanom ti'rhnienl pur}>ortr.s. It is 
the variety of starcli which h prefemnl fur us© m chef!jic.sl testing 
The graiuiksi are fial 1 ene<l'Ovoia or subsphenc.al , the ovoid ones an> 
30-45-70-100 microns and tlio roundtsl onre 10 to 3.’> miiroiis in 
ili.smcler . ft few of tlio gmmiK-» art' compound, with two or llmsi 
romjKjiienls The Inlnm is a |>omt ftl the narrower end of the grannie . 
comt'iitnc Htriftt»on.s aa* well tnarkcsl Commerei.sl jnitato ^t.aa-h is 
usnally neutral in rx-action and is gnidtsl nceonlmg to tlie «re <d the 
grftimh-s, the mori' estis-Mnwl vanclies Umg those wiu.h conl-ain a 
greater j*n>j>of1i<m of the Urge granulrt* Tins alarrb consists altiKet 
cnliridv of |K)lvmeris»sl ntnjlose and amylop'ctm nie numU-r of 
gmnuii-s jw'r mg of the i\if-<rry rtarch is al/out 73,ni*‘> mid llie mojstnre 
ssmient »s aliout 20 pT cent. t'lg 5. 


• rn>rn»n »» itie oue.lUwMiiwItli |w» l <4 « ttu’luiictre 



Fio, 5 Some starches of commerce. All x 200. 

The granules of maranta starch are ovoid Tvith a few small tubero- 
sities ; the striations are concentric and rather indistinct ; the hilum is 
usuall}* at the broader end of the granule and is represented in com- 
mercial starch by a split which usually has the form of two radiating, 
curved lines. They arc 7 to 30 to 45 to 75 microns in diameter and are 
all simple. They are composed of poljTnerised amjdose and amylo- 
pectin only. See Fig. 5. 

Curcuma starch, from the rliizomes of C. anguMifolia Roxburghi 
and C. Uucorhiza Roxburgh, family Zingiberaceie, is loiown as East 
India arroivroot and is largely used in India, although it does not find 
its way, to any great extent, to this country. 

Tlie granules are flattene<l rectangular ovoid with a slight projection 
at one end ; the striations are numerous, transverse and indistinct ; 
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the hilum is a point in the terminal projection. TJiey are 15 to 30 to 
60 to 140 microns long by 25 to 35 microns wide and 7 to 8 microns 
thick. See Pig. 6. 

Tapioca consists of the partially gelatinised starch from the rhizomes 
of Manihot utilissima Pohl, family Euphorbiacese ; the moist starch 
is either raked on heated plates {fiabe tapioca) or pressed through a 
sieve and heated {seed, pearl, bullet pearl tapioca) 

Sago is similarly prepared from the starch from the stem of 
Metroc^lon Rumphti JIartms, or Jf. Sagti Rottboell, family Palmje. 
Substitutes may be prepared from other starches, such as potato, etc. 
Both tapioca and sago starches consist of granules, the majority of 
which were originally compound, but have become largely broken into 
single granules during the process of manufacture. Granules of sago 
starch are 20 to 65 to 65 microns in diameter, and of tapioca starch 
about 16 to 25 to 35 microns. Both starches show many muller -shaped 
granules, but sago starch granules are more ovoid in shape, while those 
of tapioca frequently show a circular outline. See Fig. 6 

Soluble starch is starch altered by treatment with dilute hydrochloric 
acid wliich breaks down the eroylopectm and amylohemicelluloso of the 
starcli and consequently the getatmismg property of tho starch disappears. 
Tho older method (1880) of preparation is known os Lintner's method and 
consists m treatmg starch, usually potato starch, with a 7*5 per cent, 
aqueous solution of hydroehlonc acid at tho room temperature for seven 
days. The residue carefully waslied and dried is soluble starch ; it 
contains small amounts of amylodoxtrm, eiythrodestrin and copper- 
reducing substances. A more modem method of preparation is 

known as Small’s method j 20 gm. of starch aro lioated for ten minutes 
under a reflux condenser witli 100 millilitres of alcohol (D5 per cent ) 
containing 0*75 xml. of Iiydrochlonc acid, the mixture being constantly 
agitated. Tlio contents of tho flask oro neutralised by the calculate<l 
amount of a solution of sodium bicarbonate, tJio residuo is filtered out, 
washed with ethyl olcohol and <lricd. 

Soluble starch is msolublo in cold woter, but forms o limpid fluid with 
boiling W’ator. examined microscopically it sliows tho structure of 

tho starch from winch it is prepared It .<>houkl bo freo from oil but very* 
small traces of acid or alkali and contoms only traces of rediicng substances 
and of chlorides, tho moisturo present is about IS por cent 

Dextrin la usually mode from iwtoto stnrcJi ond h prepared either by 
a process of simplo ronatmg or by roasting tho starch with a wrj* small 
proportion of acid. Wicn roasted olono. tlio etnreli is contimiou-sly stirrwl 
mechanically m pans for two hours or more at a temperature of about 
160® to 250® C. until the desircildcgrooof colour ond solubility is obtame<l ; 
it is then coolcil, dried and sifted. "When acid is used, tho process of 
doxtrmisation is more rapid and tho terniicroturo used is lower Tho 
starch is mixed with dilute hydioclilonc or nitric acid, about 0*2 to 0*25 iv>r 
cent., by injecting tho acid into o dnim, m which tho starch is ogitafo<l It 
is thou dric<l, ground and sifted and is ferl mto tho master, in winch it is 
Jiootcd for ono or two hours at a tcmpcnituro of 100® to 125® C Tho 
roastmg is often camc<l out in an oil-jncketc«l cast-iron vc«vl, so tJint tlio 
temporaturo may bo carefully regulated. Tho amount of change w 
controlled by determining the tolobility of the product in cold water. 
There are many diiTcrent varieties of coroinorcial ilextnn, difloring in 
colour and in solubility* according to tho rate of heating, tlio tempr raiuro 
and tho rate of cooling diinng manufactum IV o common coni- 



is 


STAIiCHES 


mercjal foims are yellow dextrin, which is almost completely Roluhle, and 
while dexhm, which is. only partially eoluhlo m cold water and, dviring 
('lepitietioii. If. t'<Kfled as rapidly possible after the roa5ting process is 
coinpU'Ud Pine doxtiui gives a red^sli colour with solution ofiodine and 
does not reduce Fehluig’e icagcnt. The commercial doxtrins contain 
small amounts oi reducing Bubst&ncea or of almost unaltered starch closely 
u-peinbhrig ‘soluble starch. 



CHAPTEn III 

POWDERS or NATURAL OCCURRENCE 


LYCOPODIUM. 

^ Sources. Lycopodium consists of the spores of the common clubmoes, 

Cumberland ; the drug is collected chiefly in Russia {Ukraine) and in 
Poland. 

Collectiou and Preparation. The clubmcas is a procumbent plant ^vith 
ascending tips and the slender stems, which are from 30 to 60 cm. in 
** moBS.Iike leaves, each about 4 to 6 
The spore-bearing branches rise 
to cones being slender, about 2 5 to 
In July end August the cones aro 


D •. . . . 

that floats when thrown on to the surface of water. Blown into a flame 
it bums instantly •■,••• “ ,* * * ' ” 

It is slowly consu i i 

voiy resistant to ; • < • 

The drug is odourless and tasteless and devoid of grittiness when rubbed 
between the fingers. . 

Microscopy. Each spore is tetrahedral and has the shape of the fourth 
part of a spheres three faces are flat and tnangular while the fourth is 
’ " • . -‘—r’-* *'lgee is about 

■ . 25 microns. 

' . • See Fig. 6. 

” . . )rk of raised 

ndgos forming meshes which are four- to six-sided and produce a honey- 
combed appearance. The throe flat faces are similarly covered except 
towards the apex of the spore where they ere nearly smooth , strong 
ridges mark the lines of union of the three flat faces. When strongly 
crushed, the spores burst and droplets of yellowish fixed oil are liberated. 

Constituents. The spores contam about 40 to 60 per cent, of fixed oil, 
which consists principally of the glycerides of lycopodium-oleic acid 
(80 per cent.) and myristic acid (about 2 per cent.) Lycopodium-oJejc 


per cent, of ash. The moisture present is about 6 i>er cent 
Uses. Lycopodium is sometimes used as a dust mg powder for oxconatod 
surfaces, for preventing the mutual adhesion of pills and for making 
snuffs (insufflations). It is also used as a standard of reference in quantita- 
tive micro'seopy. The greater p.art of lycopodium is iL«ed industrially for 
the mamifacturo of fireworks 

Adulteration. Lycopodium is frequently ailuUorated, the following 
substances having been found . — ^potato starch, niaizo starch slightly 
roasted and coloured, sulphur, powdered colophony, powdereil amber, 

10 
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dextrin, powdered boxwood, powdered talc, calcium carbonate, and pollen 
of vanou>? kinds, especially tliat of coniferous trees, which has boon 
actually Pok! (m Austria) under the name of Lycopodium hwigaricum, boo 

T’li?- 6. • • j 1 

Storage, Lycopodium sliould bo stored in a drj* place os it is readily 
attacked by mould if allowed to become damp. 







Fio 6. Lycemodmm spores. 1, 2, 3, and 4, different aspects of the spores ; 
S, mpturecl spore snowing exuded droplets of oil; all X G0<) Pino 
pollen X 300 ; each pollen gram has two bladdery extensions of the 
wall , the four drawings show diHbrcnt aspects of the pollen grains. 
Karaala x 300 ; 1, 2, 3, 4, & and 6, glands of different sizes and different 
ospccts 5 h, groups of tnchomos forming stellate structures. 


EAMALA. Glandule Bottlerse 

Sources and History. Kamala conewte of tho glands and hairs that cover 
the fruits of Mallotus phihpptnenais Mailer Argoviensis fartuly Euphor- 
biaceaj, a small tree wulely distnbutod througliout India, Ceylon, the 
Malay Archipelago, Australia, etc. 

Tho drug, which ha^ probably been, used m India for many centuries os 
a dye-stuff, was known to tho Arabian physicians of the tenth century, 
and at tho present time etiU retains la tlio Indian bazaars its Arabic namo, 
wars. It was introduced into Eiiropi^n medicmo as a %'omufuge about 
1859. 

Collection. The troo produces tlwea-celled capsular fruits about tho 
81ZO of a largo pea, and more or less completely covered with a rod powder. 
Thc‘so fniits ore gathered, dried, and throtvn into a basket, where tliey 
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arc sliaken and rubbed with tho hands ; the red powder covering them is 
detached, and, falling through the basket, is canglit on a cloth placed 
beneatli jt. This powder, wluch consists of the glands and stellate liaire 
from the surface of the fruits, ccaistitutcs tho drag ; it is collycted chiefly 
irv Orissa (south-west of Calcutta), Bengal, and Bombay, about the month 
of March. 

Pescripfion. Kamala is a fine, granular, mob da powder of a dull red 
or madder colour, without odour and almost tasteless, floatmg when 
thrown on to the surface of water. Alcoliol, ether , chloroform, and caustic 
alkalies are coloured deep red by it, hut water has little action on n. That 
ifc is not a homogeneous powder con easily bo seen by gently shaking it, 
when a greyish portion (hairs) will segregate on tho surface. 

Microscopy. Kamala consists of giands and Imirs. The forinor are of ft 
depressed globular sliape and aro filled with a deep rwl resm, secreted by 
a number of club-shaped coHa radiating from a common centre ; they arc 
about 40 to 100 microns in diameter. The hairs are thick-walled, cun'ed, 
unicellular and arrangoil in unalf groups ; the wath aro hgnif^. See 
Kig. 6. 

ConsUtoeals. The moat important eonstit”®^"* ' ‘ i 

[irom Rottigra, a fonaoT . . ■ 

wluch crj^stalh ^ v.uument 

With hot caustic alkahest -.^.pinorogluem j by reduction 

with caustic soda and zu.c uust ihmethylphloroglucin is produced. The 
same substances may be obtamed from kosotoxin and also from filxoarone 
by similar means, thus showing a remarkable analog^’ between these throe 
vermifuge substances, all of them bemg derivatives of phloroglucui. Tlio 
drug also contains o yellow, crj-stalline substance, a red and a yellow resin, 
and wax. Isorottlerin (Perkin) appears to be impure rottlcnn. Alcahcl 
extracts about 60 fier cent, of resm, which contains about 10 to 1 2 por cent, 
of rottlerin. 

If quite pure, kamala yields about 1*5 per cent, of o«h, but tlua amount 
is usually exceeded by the comracrcial drug, even wlion of good quality, 
from which from 3 to 5 or even 10 per cent, may bo obtained. 

Adulteration, etc. Kamala is often grossly oduhcralMl with feme oxiilo 
or with a ferruginous ennd, or with brick dti.st, inferior qualities of tlio 
drug yielding 50 per cent, or even more ash. Its quality may bo roughly 
judged by throwing a little on to the surfaco of water , kamala will float, 
but roost oiluUcmuts will smk. Substitutcsfor kamala consisting of ground 
safflower (florets of <?art?iom«» tiuc/ortHS lann.). dyed starch, etc., have 
been obseived ; they are easily delected by tho microscopo. 

Uses. Kamala js an efficacious remedy for tapoworm, expoUmg tho 
worm and producing froo purgation. 

Relat^ Substance. True wars or lewnM, a drug analogous to kamaia, is 
obtained m southonx Arabia and Africa from the fruits of Fkmmgxa 
congest^ Roxburgh, fomily Legummosas Tlio drug lias a dull purplisli 
colour, and is seen under the microscopo to consist of giamls ooroposod of 
eexvral tiers of .elongated cells (not rmliatiRg from a common contw}, 
mixed with wluch aro euiglo (not grouped) liairs , it is therefore easily 
distinguislieel from kamala. It contains Ocmmgin, vrluch is analogous to, 
but not identical v.jth, rottlcnn, r«l ond oraiige-broivn rv“»i!i8 ami 
homoflemingin are also present m it 

LUPUUN 

Sources. Lupuhii consists of tho glands ‘ f 

IfuniOluj Lujt^lus Lu»" — ’ ‘ , 

Tlie cono'liko, colles ' ' 
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of leafy Btipules and bracts, tbo lattor enfolding at tboir base minute 
fniits. The bases of the bracts, tlio perigoiios surroxuiding tbo fruits and 
to ft less degioe tJio stipules nro sprinlcled over with bright shining glands 
winch, when fiodi, have ft pale greonish*yollow colour, which darkens ft-s tho 
hops are kept Tlicso glands can bo Boparotod inoro or loss completely by 
shaking ond hoatmg tho lipo hops, and shaking in sieves when nboufc 
8 to 12 per cent, of lupulin ia obtained from tho dry hopa. Tho gloncls are 
olso detftched during tlio rnajiipulations to wliich hops nro subjecfwl in 
gathering niul drjdng, nntl collect together with wind, d^hria, and other 



LtipcjlirJ Cotdht^C 


Fio 7. Lurcnxs — glands of strobiles of WfonMtu* tupvtas x "ISO. 1 to 4, 
various aspects of tho glands ; 6, ruptured gland, allowing droplets of 
released oil ; 0, fragment of the epidermis of o bract. Cowtiaor. 
Trichomes of the fruit of Mucuna pnriene, I, entire trichomes X 50 ; 

2, tip of trichonio X 300. 

extraneous matter, on tho floors of the hop-kilns. By aweeping the floors 


yi . ■ : 

secretion of oil or < 

pressure, which ia . ' , . ■ , 

oily liquid. The d : • . , 

Fig. 7. 

Constituents. Lupulin contains volatile oil, bitter principles, roam, wax. 
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aud traces of choline, etc. Pure lujpulin yields to ether about 80 per cent, 
of Jts weight, and leaves ©n incmeration about 2 s per cent, of ash, 
Commercial lupuHn, however, often gives from 10 to 26 per cent, or even 
more ash, and yields from 40 to 70 per cent, to ether. By keeping, Jupulm 
gradually darkens m colour and acquires an unpleasant odour, 

Adalterants. lupulm is ^neraJJy vojy impure and contsms sand, 
■<16bris of etrobUes and otlier mottors from the hop-floors. 

XfSCS. Lupulin is occasionally employetl as a stomachic tonic, and also 
03 an hypnotic to promote sleep. 

COTiTOAGE, Mucuna 

Sonrccs, Cowhago consists of the epidermal trichomes of tho frmt of 
Mwiina pmncTW de Candolle, family Leguminoa®, a elimbmg plant 
mdigenoua to India, Africa, and South America. 

Tlie fruit, a small, curved, nearly black legume, is densely cov'erod with 
etiS, yellowish-brown trichomea which form the commercial drug. 

Description. Cowhage appeata in commetco aa a yellowish-bro\m, 
loosely feUed mass of hairs with occasional email portions of the black 
poncarp. 

Microscopy. The tnehoraea are nearly straight or slightly curved and 
unicellular; they are slightly contracted towards the base, somewhat 
enlarged towards the middle and aharply pointed at the apex. The 
surface carries numerous small cuticular points, many of wluch are 
directed towards the base of the trichome. They arc from 1 to 3 mm. long, 
about 60 microns wide at the base and 100 nucrona wide at the middle. 
The walls are moderately thickened and ligmfied. 

Cozutliueats. The hairs contain o little tannin, but thoir action as a 
vermifuge is purely mechanical 

Uses. Cowhage is used as a remedy sgnmst round-worm (Aecorta 
Ittmbneoidef) ana thread-werm iAsearu vermicularis) onrt is admlnlstererl 
as an. electuary, which is follow^ by a purgath'e such as jalap or senna. 
It 18 useless for tape-worm. 


AKAROBA. Goa Powder 

Source, etc. Araroba, or Goa powder, la a powdery material found in 
cavities in the trunk of Atwffro Araroba Aguiar, family Lrf>gununos®, a 
largo treo common m the damp forests of Bahia {Brazil). 

Collectioa. Aiuroba la collected by felling th® tree, sawing the trunk 
mto lengths, and splitting these longitudinally The yellowiBh powder is 
then scraped out with the axe, miroeroua splinters of wood and other 
d6brjs being simultaneously removed. It is exported m that crude 
condition, and may be purified by sifting it as tree as possible from 
fragments of wood, drying, and powdering it. 

Araroba arises in the wood of the tree-trunk by an obscure change in 
tho walla of all the cells of the tissue, lesultu^ in thoir complete dismtogro- 
tion end replacement fay a yoHowi^ powder. The drug ajT>£>ar3 to have 
been long known to the natives of Brazil os a cure for certain ekin disoasos 
In 1864 Kemp drew attention to the Ooa powder that was used m India 
for sunilar purposes, and this was proved m 1876 to be identical with the 
araroba of the Brazilians. 

Description. The crude drug conwts of ft brownish-yellow or umfaor- 
brown powder mixed with numerous small and largo fragmonts of wood 
Tlio powder consists of auroeroua nunute crystals mixed with granular, 
amorphous matter and vegetable dfibria. The smoothed transverse 
surfaces of the larger fragments of wood show thin, yellow, medullary rays, 
vessels, and hero and there yellow ronsses (of araroba). Commercial 
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chrysarobin js mado by grinding the crude drug, drymg it, boiling it with 
benzene, filtering, evaporating to dryness and powdering the residue. 
This 18 a yellow, micro-crystalline, tasteless, and inodorous powder, 
• soluble in hot chloroform 



and benzene, almost 
entirely soluble in hot 
alcohol, very sparingly 
and incompletely soluble 
in petroleum spirit, and 
practically insoluble in 
water. Hot solution of 
potash dissolves it almost 
entirely. To solution of ” 
ammonia it imparts at 
first a slight pink tinge ; 
this colour quickly 
deepens owing to oxida- 
tion of the chrysarobm, 
which is insoluble in 
ammonia, to chryso- 
phanol, which is soluble. 
Chrysarobm melts when 
heated, gives off fellow 
fumes, and finally bums, 
leaving not more than 
1 per cent, of ash. 

Crude araroba, as 
imported, often contains 


Fio 8, Axaroba. Portion of a transverse section 
of the wood of Andtra Araroba, near to a cavity 
filled with araroba. <S, vessels ; I, wood fibres j 
p, wood parenchyma ; m, medullary rays. Nearly 
all the elements contain a dark substance, whi<m 
m the upper part forms a dense mass, x (omitted 
from the illustration). ^lagnified. (VogI ) 


from 16 to 30 per cent, 
of water, which appears 
to be added to prevent 
the imtatmg duet from 
rising { it may yield 
from 60 to 75 per cent, 
of chrysarobm. 

Constituents. Commer- 
cial chrysarobm varies 


considerably both m the 


constituents present and the proportions in which they occur. The 
followmg table may suffice to indicate its approximate composition 
(Tutm and Clewer, 1913) : — 


Chrysophanol (chiysophanic acid) . . 4-7 to 6'7 per cent. 

Emodin monomethyl ether . .about 1*6 to 2*2 ,, 

Chrysophanolanthranol ("chrysarobm”) about 26 0 to 62 0 „ 

Anthranol of emodm monomethyl ether . small amomit 

Monomethyl ether of dehydroemodiiianthranol 13 4 to 41-1 per cent. 
Ararobmol ...... about 4 „ 

Emodin ....... trace 

Inseparable mixture of substances and 

amorphous matter . . .about 12 0 to 30-0 per cent. 


Chrysophanolanthranol, CijHijO,, ci^talhses in yellow leaflets meltmg 
at 199°. It IS insoluble m aqueous ammonia, but is converted by oxidation 
into chrysophanol Which is soluble. 

Uses. Purified araroba is ’ .... - been 

employed for the treatment < , t 

apparently by destroying fun 



CHAPTER IV 

FOSSIL ORGANISMS, SHELLS AND MINERALS 
DIATOMHE. Diatomaceous Eartlu Eiesel^ulir ’ 

Sources. Diatomite coa<?wt9 almost entirely o£ the siliceous skeletons 
of fossil diatoms, family Bacillariaceaj (formerly Diatomaceie), a sub- 
division of the Algae. Abundant deposits occur in many parts of the 
world, notably in California and Virginia, in the United States of 
America, Algeria, Denmark, Germany, Kenya Colony and also m less 
amoimt in Scotland (Skye and Aberdeen) and in Northern Ireland. 
These deposits have been formed in geological time by the rapid 
growth of diatoms, which have died, and their sihceous contents have 
fallen to the bottom of the sea or inland lake and have accumulated in 
vast quantifies. Some deposits have been formed in sea-water and 
others in fresh water. 

CoUecHoa and fteparation. The deposit is usually mined m open 
quarries, and largo blocks, containing from 25 to 40 per cent, of 
moisture, are arranged in stacks to become air-dry, inth a moisture 
content of 6 to 0 per cent. The blocks are next crushed in mills and 
the powder ia graded by special raaclnncry. usually by air-separators 


diluted hj^ocliloric acid, thoroughly washed and dried 
Description. Diatoroito is a light brownish grey powder or, after 
treatment with acid, a white powder , smooth, but not shpwr^, 
adherent to the akin when rubbed , tasteless and odourless, it is 
highly absorbent and is unaffected by incmeration. Owing to the 
large volume of air enclosed by the material, the apparent density 
vanes from O-ll to 0-32, the actual density of silica being about 2 3 
Microscopy. A diatom skeleton is formed of two parts, each of 
which consists of a flat or slightly waved siliceous plate which is 
sculptured so as to present a pattern of very beautiful design This 
flat plate varies much in shape and may bo oblong, oval, circular, 
triangular, sigmoid or of some more complex shape , it is named the 
calcc. The margin of the valvo w slightly bent over and to it h 
attached, at right angles to the valve surface, a band, which gives the 
entire structure the form of a box lid. Tho two portions of the skeleton 
fit together like tho Ud and bottom of a pill-box, so that one valve is 
always slightly smaller than its fellow, tho two overlappmg bands 
form together the girdle of the diatom. The appearance of a diatom is 
therefore quite different according to its jiosition when imder observa- 
tion ; the valve-view shows tho surface of the valve plates and the 
girdle-view shows the diatom from the side. Thero are two mam 
group? of diatoms, named tho Pennake or pennate lorras, which an? 
elongated, and tho Ccnlncce or discoid forms which are usually circular 
or triangidar. Fresh-water diatoms are more sdbu?t ia structure than 
sea-watcr forms, because fresh water has usually a higher silica content 
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than sea water. Scattered amongst the diatoms one always fimls a 
few siliceous spicules from sponges. See Fig. 9. 

Constituents. Natural diatomitc contains from 75 to 92 per cent, of 
silica together ivith smaller amounts of aluminium oxide, about 
1 to 6 per cent., calcium oxido about 0’2 to 1'5 per cent., magnesium 
oxide about 0-3 per cent., and often some iron oxido varying 

from a mere trace tons much ns 5*5 per cent. The brmvnish grey tint 
33 due to the presence of oxido of iron. Dintomito, tliat ha.s been 
washed wtli acid, is almost pure silica. 

Uses. The chief pharmaceutical nscs are for clarification, filtration 
and decolorisation and for the mnmifnctnre of tooth powders, face 
powders and nail polishes. Tlio Bcrkefold fcJl>o of filtoriug “ candle ” 
IS made of diatomito. 

The uses of diatomite depend p.artly upon its chcniirnl constitution, 



silica — j heat, and partly upon its 

physit ■ ’ ' form and the sculptured 

surfac 

For filtration and clarification select a diatomite containing 60 per 
cent, or more of pennato forms ; for tooth powders uso salt-water 
forms of delicate construction, usually discoid forms, whiclj will be 
less liable to scratch tooth-enamel than the robust pennate forms. 
For face powders uso a material having a high coefficient of absorption 
and a delicate Construction, usually a discoid form ; diatomite does 
not sirell when it absorbs moisture and therefore does not have the 
harmful effect upon the pores of the skin that results from the uso of 
starch. For nail polishes use angular and robust forms. 

PREPARED CHALK. Greta 

Sources. Chalk is the substance of which certain ranges of hills are 
almost entirely composed, examples are the North and South Doums 
of Southern England. The chalk was deposited when these hills 
formed part of the ocean floor ; the deposit consisted of the shells of 


CHALK 


innumerable unicellular animals belonging to the Foraniinifera, and 
the most common genera are Ol<Aigerina and Texlularia. There aro 
about tiventy-two species of foraminifera in the English chalk. 

Collection and Preparation. Qialk is mined in open quarries, ground 
in a null, clutrutcd and the liquid that is run off is allowed to settle. 
The sediment is formed into flat cakes which are alJowe<l to drj in the 
air, forming “ ivhiting ” For pharmaceutical use, whiting is further 
purified bj' elutriation and is afterwanls dried in small masses, usually 
conical in form. 




Fio. 10. Prepared chalk ForanJiniferoiw elielh, seen m tho ujjper draw in^r 
by dark ground illununation and in tlio lower drowing by transmitted 
light. Tho small disc-* m iho lower drawing are tho morphohu's). A« 
X 200. 


Description. Chalk is white, soft to the touch, earthy, amorphous, 
tasteless and o(Iourlea.s ; it absorbs witer, but i* iii‘!ol»bIe in water , 
It effervesces with acids, including acetic acid 

MicroscoPF. Powdered prepared chalk conaisis of a large^amount ot 
ddbris of foraminifera amongst 

of Y>crfect shells, mostly sp- _ ■ ' ■ • ’ . ' 

Qlobigmna coasi-sta of a eer ' , . * ' , - 

diminisMne in size and arranged spirally , the diameter of an entire 
shell is about 3J to 80 microas. Texitthrin cond^ts of two rcries of 
gmlually dimlnwlving cUambota arranged side by side to form 
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conical shells, which are about 60 to 180 microns long and 40 to 
100 microns across the base. In addition to the shells and their 
debris there are always present some very small rings and discs which 
are xisually described as morpholite.s and the nature of nhich is obscure ; 
they may bo shells of very minute protozoans or they may bo due to 
incipient crystallisation of chalk which has gone into solution in the 
presence of carbon dioxide. See Fig, 10. 

Constituents. Native chalk contains about OS per cent, of calcium 
carbonate, 0*5 per cent, of magnesium carbonate, 0*5 to l-O per cent, of 
silica and traces of oxides of aluminium, iron and manganese and of 
sulphates, phosphates and organic matter. Prepared chalk for 
pharmaceutical use should contain m the dried substance not more 
than 0-2 per cent, of silica and oxides of iron and aluminium. 

Uses. Prepared chalk is used as an antacid and in the treatment of-" 
diarrhoea, also as a dusting powder and m the preparation of face and 
tooth powders. 

Note. Precipitated chalk is easily <listinguisliod microscopically from 
prepared chalk. Several varieties, differing in physical structure, are • 
known commercially as "extra light,” "light,” "medimn,” “hoavj%” 
etc. The heavier kinds consist of crj-stallino or aggregated particles 
about 10 to 25^1 in dinmotor ; these ato particularly sultablo for dcntifricofi. 
The " light ” and “ vorj' light ” kinds consist of a fine powder composed 
of minute amorphous particles often loosoly adJicront to form clumps, 

CUITLE*FISH BONE. Cattle«flsb Shell, Seo-hisenit, Os Sepito 

Sources. Cuttlo-ilsh bono is tho mtcmal shell of tlio cuttio. Sepia 
ojlctnolis Linn., order Dibranchiala, family Sepiodte, a largo molluso 
common roundthe const of Great Britain and abundant in theMediterranonn 
and Adriatic Seas, and m the Indian Ocoan. 

Collection. Tho animal consists of n flattened, ovoid body with two 
lateral extensions or fins. It is tnuicntcd anteriorly where tho narrower 
head is attached, having tho mouth at tho centre. Ton long tentacles 
surround tho mouth, which is providwl with two largo, powerful, homy 
bonks. The shell is contained m tho muscular mantle, beneath tlio skin of 
tho dorsal surface Wien tho animals die, tho bodies decay and tho shells 
are liberated, being eventually throivn up by tho sea, and aio collected 
from tho seashore. 

Description. The cuttle shells are oblong-ovoid and lenticular, about 
10 to 26 cm. long, 4 to 8 cm. wide and 1*5 to 3 cm. in maximum thickness. 
They are biconvex or somotimos plano-convox, tho greater convexity being 
on tho outside. The outermost layer is calcarr "'us and wluto, about 0*1 
mm. thick and boars rounded tuberculations a «. rugro about 1 mm. wido 
and about 0'5 mm. apart. Beneath this is a yellowish chitinous layer 
about 0-2 to 0-4 mm. thick and within tliat a thin calcareous layer about 
0*1 tnm. thick. The remaindor of tho shell « formed of friable, white, 
calcaioous layers of which there are about 45 to 100 in the thickest part, 
this inner part is easily crushed by modcrato pressure and retains tho form 
of the indentation. The three outer layers project as a thm margin about 
3 mm. wido, becomuig wing-liko below where the inner layers taper off 
rapidly to a hard rounded pomt or mucro Tho shell is practically 
inodorous and the taste is earthy and slightly saline. 

Microscopy. The outer calcareous layer is compact and crj'stallmo ; 
tho.chitinous layer stains deep yellow with trinitrophenol (picric acid). 
The remammg 60 to 100 parallel calcareous layers are about 7u thick and 
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aro Pepnralwl by spacf'? about 300 to 875 to 405ti wide. Betwoon tho 
layers, and at right angles to them, nro numerous short ivavy mombrones 
about Ig thick, whicli give tho apposmnco in a trans\-orso section of tho 
slioll, of numerous pillars sopamto<I by intervals of about lOOfi. These 


thin calcareous plates sliowing niunenxts short traty surface markings 
where the supporting membranes were attached, nnd (c) sharply angular 
pieces of tho ehitmiscd layer, wlucli aro structureless, Ptoutly built and 
stain yellow with trinitrophenol (picnc acid) When tho powtlcr is treated 
with liydrochloric acid, it dissolves with tho exception of the chitmous 
fragments. 

Comtihieats. Cuttlo bono contains about 83 per cent, of calcium 
carbonate, about 6 to 7 jvsr cent of chitmoiu material end small amounts 
of Rwlium chloride, calcium pbospimte ami salts of magnesium. 

Uses. Pornlcrwl cuttlo bono is usoil in tooth powtlers, when it is 
sometimes termed “ u Into com! powder." It is otton givoii to cago-birds 
who obtain a supply of calcium salts by peeking tho fcnible inner part of 
tho shell. The powder has oho been giv'on intenially ns an antacid and 
for spruo ami dysenterj’ 

TALC, French Chalk. Craie de Brian^on 

Sonrees, Talc is a fino variety of eteatite or soapstone, which occurs 
ns a massive miaoral with a foliatctl structure, enabling one to split it 
into thin pieces, whicit ore flexible, but not elastic — the latter character 
distinguishing it from mica. Tho mineral Is white, or m the less pure 
varieties with a greyish or grectush tint, and po.s.se.s8es a pear^ lustre , 
it comes cliiefly from Piedmont m Italy, from France and New York 
State. 

Description. The powdered mineral js usually purified for phanna* 
ceutical use by boiling with diluted hydrochloric acid, washing with 
water and drying at llO^C. Tho resulting material is a fine white, 
tasteless and odourless powder ttTicn rubbed on the skin it has a 
feeling of greasinoss, usually referred to as " shp ” It is insoluble in 
water, and m acids and alkalies. It has a density of 2-2 to 2-8. 

Microscopy. Powdered talc consists of minute particles of various 
sizes and shapes. The particles are irregular, sharply angular and often 
show jagged and hammated ends , they arc coiourle^is Between 
crossed nicols, the p.article9 of powder polanse brightly and often show 
bright colours. Sec Fig. 9. 

Consfifueats. Chemicailv lafe is a hy«iratpci magnesium silicate, 
having the formula ^ ’* written, 

H20.35rg0.4Si0j. 
cent, of iron oxide 

greenish tint of Bom*.. .....v.-.. t, , 

Uses. Talc 13 used for the cJanfication and filtration of cloudy 

fluids; for the preparation of dustmg powders , for coating and dusting 

pills ; as a lubricant for massaging and in the raakmg of tablets 

ASBESTOS I 

Sources. Asbestos is o fibroos tranety ot liomHondo and oeenrs in 
many parts of the world, such as Italy, Canada, Australia and Rhodesia. 
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It is mined in open quarries and comes chiefly from Canada and 
Rhodesia 

Description. Ashe* ' jenish mineral which 

can be broken easily ■ Tliese fibres can be 

spun and woven to f ■ . ‘ ■ It is unaffected by 

lieat, acids and alkalies. 

Microscopy. "When some of the fibres are mounted in cresol and 
examined microscopically, they appear as long, delicate, transparent 
fibres which are highly refractive and polarise brightly on a dark field 
when examined with crossed nicols. 

Constituents. Asbestos is a double silicate of calcium and 
magnesium mth a varying amount of iron, the formula usually given 
bemg CaMg 3 (Si 03)4 or Ca(Mg,Fe) 3 (Si 03 ) 4 . It is to the iron that any 
greenish tint is due. 

Uses. Asbestos is used as a filtering medium for caustic allcalies and 
for making bacterial filters, also as an insulating material for ovens 
and for packing round boilers and steam pipes and for making fireproof 
clothmg. 

KAOLIN. China Clay, Eaolinite 

Sources. Kaolm is a pur© variety of clay produced by the weathering 
end decomposition of the felspar of granite. It comes chiefly from the 
granite districts of Cornwall and Devonshire, where it is mined in open 
quarries. As mined, it is mixed with varjdng amounts of quartz, 
mica and undecomposed felspar and it is purified by elutriating ^rith 
water, allowing the turbid fluid to settle in tanks and collecting the 
deposit. 

Description. Kaolin is a very fine, soft clay, crumbling to powder 
when pressed between the fingers and haring a slightly soapy feel. 
It is white or white with a faint yellowish tint ; it has a density of 
2*3 and is insoluble in water. Dilute acids and allialies do not affect 
kaolin, but strong hydrochloric acid decomposes it partially and 
prolonged heating with strong sulphuric acid converts it into insoluble 
silica and sulphate of aluminium. When dry it is odourless, but 
develops a clay-like odour when mobtened ; it has a slight earthy taste 

By subjecting crude kaolin to the process of elutriation, various 
grades are produced, differing in the size of the particles present. The 
variety containing the smallest particles is largely colloidal in nature 
and is the type used for internal administration. A coarser variety 
containing no colloidal matter is used for assisting filtration and for 
making preparations such as kaolin poultice. 

The two varieties can bo dbtingubhed by their behaviour towards 
water. The colloidal type, when kneaded with a small amount of 
water, forms a stiff, sticky mass, and when suspended in water a 
permanently turbid fluid results and only a part of the kaolin is 
eventually deposited. The coarser kaolin when similarly treated with 
water yields a plastic but less atidg" mass, and when suspended in 
orator the whole of tlu'? coarser Imotin eventually settles, leaving a 
clear supernatant liquid. 

Microscopy. Colloidal kaolin con.sbts of very fine particles of various 
shapes and sizes, many of which are extremely small, often less than 
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2 inioroi\H iti clijunetfr ; tho larger lurticlea polnriHO brightly and 
r<in‘l\* eTW<l 20 microns in rliaiMetor. The mnnllc.'^t pattielr'i exhibit 
the iird'vtilan tnovomcnt «hMi hiih|k*ihIc« 1 in water. Tlie fofiri'rr 
kaolin eoasist'* o( fine ivirticles, none of which exhibit brownian 
movement ; tliey are UHimlly flat and irregularly angular. 

Constituents. Kaolin in nlmoat pure aluminium ailicatc nn(l*may l>c 
n-pn-nenlcd by tho formula AISO 3 . 2 SIO,. 211*0. Very fliimll traces 
of luagneHiiim, calcium ami iron are pn-ieiit and tho iron produces tho 
slight yellowish tint n'on in aomo wimples. An analysis of a samplo 
of china clay gave the following |*erccntnge composition . SiO», 4r>-.'ll ; 
AljOj, 3<) 91 ; MgO. 0-44 ; GiO. 0-43 ; FeO. 0-27 ; water, 12'07. 

Uses. Kaolin is used in the treatment of certain gastric and 
intestinal afliHitioits. It is abo U'cd in filtration a-s n clearing agent ; 
for making poultices and as a pill excipient. 

Note. Colloidal kaoltrLS coiisUt to tho extent of 76 to 00 por cent, of 
pariiolos having a diamclor lo-ss llian 3ii. ».<•, true clay. (Partridge, 1913 ) 
Such kaolin is also dcscribod as light kaolin. 



CHAPTER V 

HAIRS AND FIBRES * 

COTTON. Cotton Wool, Absoiltent Cotton 

Sources and History. Cotton consists of tlie liairs or epidermal 
tnchomes of the seeds of Qossyptum harhadcnse Linn, and other species 
of Gossypium, family JIalvaceai. Cotton lias been produced in India 
since very early times, tbo plant cultivated being 0, herbaceum, which 
is a native of the East Indies, and cotton cloth was first brought to 
Britain from Calicut in India, ■whence the name calico for cotton 
fabrics From India the cultivation spread to Cliina and Egj’pt, 
where cotton 'was cultivated .as long ago as 600 b.o. The Phccnicians 
and Carthaginians introduced the cultivation to the Mediterranean 
basin, and in 1774 the same plant ivas taken to the United States of 
AiPerica 'where it is still often preferred for cultivation. Q. barbadense 
is mdigenous to the West Indies and yields Sea Island Cotton, which is 
highly prized because of its long st.aple, t.c., the great length of the 
trichomea, and the uniformity of length. Q. hmutum is indigenous to 
North America and yields Upland ^tton. 0. peruviamim occurs in 
all parts of South America and was cultivated in Peru probably before 
the cultivation of cotton in Egypt. The largest amount of cotton now 
comes from the United States of America, and India and come 

next in order as countries of production. 

Cultivation, Collection and Preparation. Cotton plants are herbaceous 
or woody according to the species and the same species may var>’ with the 
climate In warm climates tho plant is poronnial, but it is always-groivn 
as an annual because its susceptibility to attock by insects and disease 
makes it impossible to continue cultivation of tho Bamo plants from season 
to season. The crop is a very oxliausting one for tho soil and it prefers 
sands and loams, hence the nch alluvial deposits in tho valleys of largo 
rivers, such as the Nile, Ganges, Indus and Mississippi are particularly 
suitable. The seed is so'Wn in ro'ws 3 to 5 ft. apart, tho seedlings aro 
thinned out to from 1 to 3 ft. opart ond tho surface soil requiros constant 
working between the plants. Nitrogenous manures aro applied during 
the early stages of growth and later on phosphatic mamirea to cause eorly 
and uniform ripening of tho capsules or “ bolls.” 

The bolls are ripe about fifty to sixty days after the floirer has fallen, and 
they dehisce by three to five valves, exposing the seeds which are contained 
in a similar number of locuh; each boll contains about tliirty-six seeds. 
Tho “ cotton,” as tho seeds with tho trichomes attached ate termed 
technically, is picked by hand at e timo when there is neither rain nor dew 
and is carefully dried m tho shade on hurdles until the seeds can be cracked 
between the teeth. The seeds are then transferred to a “ gin,” which is a 
machine for separating the tnchomes, or ** lint,” from tho seeds. In this 
machme the seeds are fed by a hopper on to a cylinder formed of a set of 
finely toothed circular saws placed side by sido, these drag the hairs from 
tho seeds and tho hairs are removed from tho saws, by a cylinder of rotating 
brushes and are drawn up an inclined colloctmg shaft to pass between two 
rollers which compress them into a felt. This felted ” Imt ” is made into 
bales by hydraulic pressure. 
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Cotton for Surgical Use. Absorbent cotton ^rool is made from cotton 
waste, t.c., hairs •whicli are rejected by ceftnin machinery during the 
preparation of cotton for spinning, usualiy it is tlie "comber waste " of 
American and Egyptian cottons. Imparities aro first removed and the 
cotton iiair is then boiled with a 5 per cent, solution of caustic soda for 
about fifteen hours at a pressure of from ono to three atmospheres. After 
thorougli washing witli water it is bleached b}’ immorsioti for ten to 
eigliteen hours in a 5 por cent, solution of chlorinated lime, washing witli 
water and transferring to very dilute hydrochloric acid for about four 
hours. It is next washed with wotor, treated for about twenty minutes 
with veiy dilute hydrochlonc acid, washed again, dried, loosen^ by 
* '. * ' ' ' r further 

. . . . . . . "wool.” 

. matter 

' composed of wax with stearic and palmitic acids. 

Description. Absorbent cotton wool is a loosely felted mass of 
delicate filaments, soft to the touch and white in colour. Raw cotton 
has a slight broumish tint, a colour which is due to the dried remains of 
protoplasm and cell contents, the wall of the trichomes being quite 
transparent and colourless. Absorbent cotton rapidly sinks when 
placed on the surfaeo of water, but raw cotton is non*absorbent and 
floats on water, the non-absorbency bang due to the presence of the 
fatty substances in the cuticle. 

Wien a wsd of cotton -i • i 

tile fibres holding togeth 
before the wad finally 
compare with cellulose wadding. 

The walls of absorbent cotton being composed of cellulose, cotton 
responds to the chemical tests for that substance, viz., it is insoluble 
in 5 per cent, aqueous caustic al^li, it swells evenly in euoxsm 
(animoniacai solution of copper oxide) and finall}' dmolx^ ; it swells 
and finally dissolves in cold 00 per cent, v/v sulphuric acid ; chlor.zinc* 


reorientation of the molecules of fatty acid which exist in the very 
small amount of cuticular substance not removed bj’ the treatment 
with alkali (Savage, 1934). 

Microscopy. (Xitton consists of tochomea which are tubular and 
flattened and show numerous twists, 
or may change direction in tlio saw 
flattened trichome are rounded and 

as a distinct margin occupying about ono-sixth of the diameter on 
each side. The ivall consists of cellulose and the layer Iming the lumen 
has a firmer consistence than the remainder and often shows, when 
' ■ ■ ■ ffjjg apex is rounded 

,' • • occasionally it is solid 

to 40 microns and the 

Icngtli from 20 to 40 mm. ; in absorbent cotton irool the " staple,” as 
the length of the trichomes is termed technically, should not be less 
n4LUss miiv. " 
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than IG mm. as an average. The standard staple i.s comparatively 
short because absorbent cotton is made from “ waste,” winch consists 
mainly of short fragments of trjcliomes. Sec Fig. 11. 

Raw cotton can bo distinguished microscopically from absorbent 
cotton by its behaviour towards cuoxam, which causes raw cotton to 
swell at intervals into spliorical expansions separated by coastricted 



wool Cellulose -Waddincf 

Fig. 11. Cotton, flax, wool and cellulose wadding All x 130. 

Cotton. 1. Mounted in glycerin, 2. Absorbent cotton in cuoxnm. 

3. Raw cotton m cuoxam. 4. Apices of tnehomes. 5. T.SS. of hairs. 
Flajc. 1. Isolated fibres. 2. Apices of fibres. 3. Swelling in cuoxam. 

4. T.SS. of fibres, a odhenng parenchyma 

regions, the constrictions being caused by the cuticle, which shrinlis 
back from the expanded portions to form a tight intervening band. 

The trichomes, as they exist m the capsules before dehiscence, are 
quite cylindrical and exhibit no twists , the flatness and tmsts arise 
during drying in the air and sun. The twists are due to the variation 
in density of the different parts of the wall, especially to the presence 
of the denser part lining the lumen and to the strains produced by the 
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cellulose given under cotton wool and gives no reaction for lignin 
when tested with phloroglucin and liydrochlorio acid. It is verj’ 
absorbent and sinks in water rather more rapidly than cotton wool. 

Microscopy. The fibres of wood cellulose show the structure of the 
elements of the wood from which it has been made. In the great 
majority of samples the elements present are tracheids of some tree 
belonging to the Pinacea, often a species of Finns itself. Usually the 
marlxings present are the largo boidered pits characteristic of Finns. 
The pits and the outlines of the cells appear somewhat faint and less 
clearly marked than in the corresponding wood, this being due to the 
drastic treatment to which the wood has been submitted. ^Vhen the 
action of cuoxam on wool cellulose is observed microscopically, some 



Fio. 12. Diagram of plant for manufacture of wood cellulose. 
(From “ Industrial Chemistry,” by Read ; modiCcd.) 


fibres show spherical swellings closely resembling those of raw cotton, 
but if other parts of the same fibre are examined, bordered pits will be 
found, thus distinguishing them from cotton. Seo Fig. 11. 

Constituents. Wood cellulose consists almost entirely of pure 
cellulose. 

Uses. Wood cellulose is used for many of the purposes for which 
absorbent cotton wool is used and in certain cases it is to be preferred 
because of its high absorbency and the readiness with which it 
disintegrates. 

FLAX 

Sources. Flax consists of tlio strands of pericyclic fibres removed 
from the stem of the flax or linseed plant, Linum usitatissimum Linn., 
family Linaceaj. The manufacture is carried on chiefly in Russia, 
Northern Ireland, United States of America and Argentina. 
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Uses. Fiax \ra3 formerly used in the manufacture of lint, but lint 
i<? no^v made entirely from cotton. Linen cloth is used as a filtering 
medium for some preparations. 

HEMP, Iilif* flax. CQiifcHts of poncyclic fibres and is obtained from an 
annual iiiaiit, Cannabis satiiv Luin., family Cuiumbirmccaj. The fibres oro 
fceparated by j)ioci''<sf& veiy similar to those used foi flax, the roanufactuio 
being cairifd on clncfly in Russia, Italy and France. 

Hemp fibres give reactions foi celluloso, modified by tlic presence of a 



Fjo. 13, Juto. Phloom fibres of Corehorua sp. A, portion of a strand of 
fibres. D, apices of isolated fibrCM. C and />, transverse sections of 
strands of jute. All x 300. 

email amount of Iigno-ccllulos© and they show transvorso linos and 
etfintious eimilar to those of ftnx. Hemp can bo distinguished by the 
appeamneo of transs’orso fecctions where the envihos of tlio cells appear 
relatively largo and are oval or elongated in rfiopo ; tlio ends of the fibres 
are bhmt ami rmunled and sometimes spatulato. The coarser varieties 
hemp are further distinguished by the presence of incompletely removed 


^ direction. Hemp is used cliiefly for tlio manufactiuo ’of ropo, twino. 
snibclnth. etc. 
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JtJTE, Gpny 

Sources. Jtite con<5ist8 of the strands of phloem fibres removed from 
the steins of Corchorua oUioriv^ X4im. and C. capsularis Linn., family 
Tiliacem. Tho plants are aimuala, from 5 to 10 ft. high and verj* little 
branched ; they are cnltivated chiefiy in Bengal. they are 

partly in fruit, the stems are cut and are retted m stagnant water for 
ten to twenty-five days. The bark h then stripped off and picked and 
crashed till free from semi-deeayed parenchjma The residual strands 
of phloem fibres are dried and constitute jute. 

Description. Tiie strands of jute arc from I to 3 metres long and 
30 to HO micfona in diameter , they arc paJe buff or silverj* grey and 
somewhat coarse m texture. It haa great tensile strength and is 
hygroscopic, absorbing as much as 25 per cent of moisture. 

Microscopy. A transverse section across one of the strands sfamra 
it to bo formed of a group of cells, polygonal m outhne and having a 
rounded lumen which vanes considerably in size Tho strands respond 
to the tests for hgmficd tissues, giving a deep red irith phloroglucin 
and hydrochlono acid and a yellow colour with chlorzinciodino and 
with N/50 iodine followed by 60 per cent v/v bulphuric ncid. 

Tq separate the strands into their individual cells they must be 
treated with an oxidising agent such as a mixture of potassium 
chlorate and 50 per cent nitric acid or a mixture of 10 per cent, each 
of (diromio and mtric acids Wlien the individual fibres arc examined 
they nro seen to be quite smooth, without longitudinal striatfons or 
transverse lines The lumen or eeU-cavity is not uniform throughout 
the length of each fibre, but omng to variations m the thickness of the 
wall It is contracted at places, sometimes so greatly os to completely 
obliterate the lumen , this variation explains tho corresponding 
variation of the siro of the lumen m the transverse section of a strand 
of fibres The ends of the fibres are rounded and blunt, sometimes 
almost spatulate The dimensions of the fibres arc about O-S mm to 
4 or 5 mm in length and 10 to 25 microns in dintneter. Sec Fig. 13. 

Constituents. Jute consists chiefly of iigno-cellulose, it contains not 
moro than 13 per cent of moisture and m free from xyJcm elements, 
which arc tcchmcaliy tcrmctl “ root ” A small amount of celhdosio 
parenchyma often adJieres to the fihies. 

■17563. Phanaacoutically jute is usctl for the manufacture of tow, 
which is u<cd for makmg medicated tow, for pndthng epbnts, as n 
filtering or straining medium and for Roaking up fluids In the textile 
iiKhiitrj' jute IS cbirfiy for making hacking and coarse Iwgs 

WOOL. Animal Wool, Sheep’s Wool 

Soorces. IVool consists of the hnira from the fiecco of tho sheep, 
Onsoncs Lmn .family lh)v«l®,onlerUnguIata. It is imported clucfly 
from Anstmha, United States of America, Argentina ami Hussia , it is 
abo prrxluoetJ in considerable qwantiliM in the Bntish Islw 

Preparation. The hairs, fonrnnR the fleece, are n'raoved from the 
sheep at shearing time and wro thorough^ clr.\ased from dirt and 
woohgreaso by nu*,ni.s of i»aap and alkali , tho woo! is finally bleached 
Tlie svool'greasc, after careful ponfication, forms the valuable wax 
known as uool-f.d or lanolin. 
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Description. Wool occurs as a loosely felted mass of elastip, lustrous, 
more or less curly hairs, smooth and somewhat slippery to the touch. 
A wad of wool resists tearing ivith considerable force, owing to the 
tendency of the hairs to cling together. Wool is readily soluble in 
6 per cent, aqueous caustic alkali, but is unaffected by dilute acids or 
by cold strong sulphuric acid. Strong hydrochloric acid, either hot 
or cold, is without action on wool, but will readily dissolve silk. 
Cuoxam docs not dissolve wool or cause it to swell, b\»t colours the 
wool blue. Solution of iodine stains wool yellow. 

Jlicroscopy. Wool consists of more or less curved, sub-cylindrical 
threads, covered with irregular lines crossing them transversely at 
fairly close intervals and connected by other lines more or less at right 
angles to them. The lines project slightly at the edges of the hairs, all 
the projecting points being directetl toward the apices of the hairs. 
A darker coloured narrow band is present along the central axis of 
many of the hairs and is termed the medulla. The width of the hairs 
is about 1C to 25 to 45 to 60 microns. Wool fibres polarise brightly 
with crossed nicols, many hairs showing bright colours. See Fig. II. 

Like other animal hairs, wool conskts of a solid cylinder composed of 
throe typos of closely packed colls composing the cuticle, the cortex and 
the medulla respootively. The cutkU consists of flattened, imbricated 
opitholial cells or scales ; these have no nuclei and their free margins point 


flattened by mutual pressure* Tho cortex exhibits numerous very fino 
longitudinal striae, which arc the lines of separation between the individual 
cells. The cortos forms tho groat bulk of the hair and upon it depend tho 
firmness, elasticity and colour of the hair. The medxtlla consists of 
polyhedral and rounded cells, containing nuclei and globules of fat. Air is 
often present in the interstices between these cells and gives rise to tho dark 
appearance often seen in tho medulla. 

Constituents. Wool consists almost entirely of keratin, a substance 
which belongs to the proteins and is closely related to tho material of 
which horn, nails and feathers are composed. Keratin contains tho 
elements C, H, 0, K and S. The presence of nitrogen is shown by the 
odour of burnt feathers given off when wool is burnt and by tho 
evolution of amiooniacal vapour when it is heated ivith dry soda-lime. 
Tho protein nature of wool is evidenced by the reaction with picric 
acid, which colours wool deep yellow and with Jlillon’s reagent which 
colours wool brick-red on gentle wanning. That wool contains 
sulphur is shown by adding some wool to a boiling mixture of solution 
of lead acetate and caustic soda, when a blackening results oiving to tho 
formation of sulphide of lead. 

Uses. Wool is used pharmaceutically as a filtering and straining 
medium and for the manufacture of such dressings as flannel, domette 
and erSpe bandages. 

SILK 

Sources. Silk is a fibre made from the threads unwound from the 
cocoons spun by the lar\’» of certain moths, order Lepidoptera. The 
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finest silk comes from the larvm of Bortihyx mori Linn., family 
Bombycidas, nrhich feed on the leaves of the mulberry, Morm nigra 
Linn., family Moraceae, while a less valued variety is obtained from 
the larvas of Anthercea yama-mai Guer., family Saturnidee, which feed 
on the leaves of a Japanese oak and yield tussah sift. Other species of 
Bombyx and of Antkercea also produce sift. ITie most important 
countries where silk is cultivated are Japan, China, Italy and France, 
the finest varieties coming from Fnmce and Italy. 

The silk thread is a sohdifiod secretion from two large glands found in 
each larva or caterpillar. The glands correspond to two of the salh’ory 
glands of other insects ; they extend throughout the greater part of the 
length of the larva, which is about 8 cm. long, and owing to the I'oluminoua 
coils of the glandular tube, the total length of each gland is about 35 cm. 
The diameter of the gland is greatest in the central region and it tapers 
towards tho head of the larva, where it ends in a very fine tube, the two 
tubes opening into a eormnon spinneret upon the labium (one of the mouth 
parts) beneath the head. Other two salivary glands of the ordinary typo 
open into tho mouth of the larva. 



Fio. I-l. Hemftvr meri, the «ilk*worm moth, d, caterpillar, i?, cocoon 
C, rooth (after Westwood). 


development. On hatclung out, (he grubs nro about 1-5 mm long, thoy 
Creep through the gauze and eat the young raulbony loaves placed on tho 
envelopes. Tlioy take about four weeks to attain thoir full suo ond moult 
their skins four times ; after tho last moult thoy are about 4 cm. longnud 
cat a final monl of about twenty times their own weight of miilbon^' Jmvc.s 


Ioo®ori tho gum which cnusi's tho silk thromls to adhere ; the ends of tho 
threads from two to six cocoons are cauglit up and wound into a single 
tlinsul, u hich is mailo uii into o luink. Tfio eggs liouig nil ImtchM simub 
tonoously, nil tho moults and other stages of development occur nt ilcfinieo 
tlmoa and tho cocoons are finally spun and are nwly for trofttment all at 
tho same tune; this ofTects much economy in tune and m inalonal, 
including mulberry leaves. A certain number of cocoons is r>*s.*r\-«sl and 
the moths are nlIowc<I to emerge and mate, after which the b'lmil.-s lay 
300 to 400 eggs each on sepamto piecca of gauz<'. Both tlie cegs and tin* 
imrcnt insect are cxnmmc<i for disease and. if iioiie is pnwnt. limegirs are 
ttoPfsl in a rofrigi'rator until a new broo<lof lar\’in m aanto 1 S<v' Fig. 1| 
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Description. Silk threads are very fine, smooth and solid and are 
usually yellow in colour. Sillc is soft and smooth to the touch, possesses 
considerable tensile strength and elasticity and is hygroscopic. Silk 
is easily soluble in cuoxam, in cold sulphuric acid 60 per cent, vjv, 
and in strong hydrochloric acid {a.g. 1-16) ; in 5 per cent, aqueous 
caustic alkali silli dissolves only wth difficulty, even on boiling ; with 
lead acetate and caustic soda it gives no blackening ; all these 
characters distinguish silk from wool. Towards picricT acid, Millon’s 
reagent, iodine solution and heat silk behaves in the same way ns wool. 

Microscopy. Silk appears as solid, stnictureless, cylindrical or 
slightly flattened, highly refractive threads, from 5 to 05 microns in 
thickness and the solubility reactions mentioned above can be observed 
imder the microscope. Silk threads polari.so brightly between crossed 
nicols and man}’ threads show bright colours. 

Constituents. Silk consists chiefly of the protein fibroin, w’hich 
forms the mass of the fibre ; this is coated externally by another 
protem, seriein or silk-gum, which cements the fibres together and is 
soluble m wann water, being therefore largely removed when the silli 
is V ound from the cocoons. The proteins of silk contain C, H, 0 and N, 
but no sulphur. 

Uses. Silk is used pharmaceutically for making ligatures, oiled silk 
and certain t}’pes of sieve. 



CHAPTER VI 
WOODS 


Woods used pliamwccttftcaily consist almost eiiUrely of the tissue 
named xylem atul the groat bulk h secondary sylem formed b}' tho 
activity ol tho cambium. At tl»o centre of a log a very small amount 
of other tissues is present, for example, a log of quassia mood measuring 
from 10 to 30 cm. m diameter includes tlio pith which was present in 
tlio primary stem and is about 2 or 3 min in diameter ; a very small 
amount also of primary xylem abuts upon tho periphery of tho pith. 

Tho density of the ccU walls of which wood, is composed is about 
I'C, so that all woods, on hccoming wnteriogge<l, i e., the cell cavities 
filled ^vith water, mil sink in water. Ordin.irily woods float on water 
because air is present in tho cell cavities and, in tho air-dry condition, 
they are more or Jess ilenso according to tho tluckness of the cell walls 
of tlio comstituent cells and to tho extent to which resin, oil. taiinm or 
other contents fill tho cell cavities. Tlic term density is usually 
applied to the air-dry wood, containing about 12 per cent of moisture 
Tho densities of tho common woorls used pliarmacoutically are . — 
Quassia, Pxcrann aecclea, 054 to 0-56 
Guaiacum, Oitaiaatm ojjicinolt and O tanciurn, I 10 to 1*4. 
logwood, Ilamalozyton eampcelitanum, 0-81 to 1 07 
Sappan, Coe^alpinta sappan, 0-90 to 0 98. 

Red Sanders, Plerocarptu iantaltnu'*, 0 7C to 0-82. 

Sandal, Santalum aibum, 0 9 to 114 

A large proportion of most commercial woods consists of heart-wood 
or dnranien, by whicli is understood xylem twstio which has ceased to 
perform any conducting function and consists of dead cells, tho vessels 
being usually blocked by ingrowths. X”'-’ * of conducting 

elements analivinr ' ■ Itfrcquently 
happens that . - ..ing to the deposition 

of tannins, res .umuig matter in the cells, more especiaUy 

in theeells of thoparonchjTnaand themeduUarvravB ^ . 1 

woods, like guaiacum and red 
wood, tho palp’* 

of this paler wt ^ ivuiction 

and tfierefore .-v.»a-vvood. Commercially, 

however, the tc . is applied usual^ to the dork coloured 

wood only. 

The external characters of a wood arc observed on surfaces exposed 
by cutting the wood in. three specified direotion.s at right angles to one 
another, viz., a transverse euHace, a radial surface and a tangential 
surface, tho two jattor being longitudinal. 

The transverse surface is the most useful for providing distinguishing 
characters. Annual Tings are evident as hands crossing the piece of 
wood from one radial surface to the other. Each ring consists of 
spring wood and summer wood, tho latter being much darker in 
appearance, owing to the sipaller liuaina of the cells and forming a 
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dark luie on (/le outer edge of each annual ring. Tiiese rings are 
usually well marked in woods of temperate regions, but are often 
absent from tropical woods because there is not sufDcicnt seasonal 
variation to materially affect the size of the x^'lem elements. Guaiacura 
and sappan uood-- show annual rings, but quassia and logwood have 
none CYo'-^mc the annual rings at right angles aro fine parallel lines ; 
these are the mcfluUari/ ra>/s. In guaiacum and Surinam quassia these 
lines are very fine indeed, because the rays arc uni«eriate, i.c., only 
one <ell ujdo In Jamaica quassia and haimotoxylon they are some- 
■a hat coarser, the rays being multiscrinte, i.e., two to several cells wide. 
The medullary rays usual!}* appear lighter in colour than the remainder 
of the wood, and the number of rays per unit of arc varies in different 
woods and frequently supplies a useful diagnostic feature. In the' 
«ubstnnce of the wood between the rays, small holes or pores are 
evident ilie.^e arc the vessels of the xj'lera and terms ore used to 
de«cnbe their arrangement. A wood or timber is said to bo diffuse 
porous when the vc.sseLs or pores, which occur either isolated or in 
small groups, are scatteret! uniformly throughout the wood as in 
quassia, guaiacum and logwood. A wood is described a.s ring porous 
when the vessels occur chiefly in the earliest formed spring wood and 
thus form welbmnrked concentric rings as in oak and ash. As.«ocmtcd 
with the vessels there are usually «mall patches or bands of tissue, 
rather paler in colour than the remainder of the xj’lem. These patches 
and bands are the xyJcm parenehpnia and it is described as diffuse when 
scattered more or less evenly throughout the wood. Parenchyma 
which occurs in tangential bands of varying extent is named meta* 
tracheal , that w hich occurs adjacent to the vessels, but not completely 
aurroumling them is parntracbeal and that completely surrounding a 
vessel is vasicentric. The remainder* of the wood consists ol fibres 
upon which the strength and hardness of the w-ood mainly depends. 
A wood with straight fibres arranged parallel to one another will split 
easily, lea^-ing smooth longitudinal surfaces, and is called straight- 


an interlocked grain, e g., guaiacum wood. 

The radial surface shows the vessels as coarse lines running vertically 
down the surface and the medullary rays appear as narrow horizontal 
bands crossing the direction of the vessels. On a tangential surface, 
the vessels appear as on a radial surface, but the medullar}’ rays are 
now seen as small lenticular areas. In many tropical woo<L, such as 
quassia an appearance known as ripple marks is evident on this 
surface and is due to the occurrence of the medullary raj*s in horizontal 
rows, all the rays being equal in height, so that the wood is divided 
into a number of narrow layers or storeys and is said to be storied in 
structure. 

Histology. Commercial woods are composed of five tj-pes of cell* 
element ; these are traclieids, vessels or pores, fibres, cells of the soft tissue 

* T.mber from species ofPiniw consists almost entirely of one type of element 
—/rocAeirfa— -which perform two functions, those of conduction and of support. 
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or parenohrafl, and cells of the meduUoty raj’s. Trachcids are conducting 
elenjent<? and they form the great bulk of woods of the conifcrie. Each 
tracheid consists of a single coll with tapenng and bluntly pointed ends ; 
the diameter \’aries widely, some traciheids, like those of Pintu, being 
quite slender, about ten to twenty tiises as long as they are wide, while 
others have dimensions similar to those of the segments of large vessels 
and ore descri3?ed as t'esseNraeJteids. In fact, the only critical difference 
between a tracheid and a vosseJ-segmont is that the end walls separating 
tracheids from one another are never perforated, while those of a vessel 


membrane is always intact. The pits on the side walls are not necessarily 
similar m character over the wholo surface ; where frocheids adjoin other 
trachefds, the pits are bordered and where they are in contact with cells 
of a moduUarj' . ' ' ‘ ' . « • fi’ ^ 

the medullary 

the cell-elemei ■ ■ . ■ , 


obliquely and are perforated by numerous small elongated openings 
leaving ladderdike bars. The side walls of vessels often boar numerous 
pits, wluch are usually bordered, but vary in form and distnbution in 
different xiarts m a manner similar to that found in trooheids. Tlie vessels 
of the protosylem are more simply constructed than other vessels and 


outline, while pits m sucecssivo rows alternate in position. In many 


termed pitted vessels. The pits are sometimes very mucii elongated, 
extending entirely across each of tbo flat faces of a prismatic vessel- 
segment, and they are regularly arranged m vertical rows down each face 
BO as to give rise to a ladder-liko appearance , such veaseN are nnraed 


• . - • . -* »>.. ftim 

' cavity 
It may 

liecome heavily thickened like scleroidi Thylosw is well in 

Rassafm.s wood. 

Fibres of the .'O'lem are mechanical or supporting olcm''nt«, and each 
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consists of a single prosenchymatous < 

section and ore from thirty to fifty 

toporing ends. Tho cavity is narro\^ , . , * 

and slit-shapod. Tyincally tlnck-walled fibres occur in guaiacum, but m 
quassia tlio walls arc comparatively thin and tho lumen largo. Fibres 
somotime.s Jiavo dehcato transverse partitions formed of cellulo-sic or poetic 
material and aio then called septate fibres ; such fibres occur in teak wood 
and also m tlio fibrous bundle slieath of ginger. Coll forms, intormodiato 
between tracheids and fibres, occur in ephedra and in calumba root ; they 
have walls thicker than those of the ordinary trachoid, while tho pits are 
larger tlian those of the tj^^ical fibre and the ends are less tapering. Tlieso 
fibre tracheuls do not contain protoplasm or starch, 

Xylem parenchyma consists chiefly of square-ended colls nrisbig by tho 
segmentation of cambial colls by transverse walls, so that they are arranged 
in vertical files of about three to five colls, the end cells of each file being 
somewhat pointed at one end. In tho living wood, these cell-s contain 
protoplasm, a nucleus and storage matorial, such as starch ; tho starch is 
frequently present in tho woo<l of commerce, such as quassia wood, 
walls of xylem parenchjma are usually pitted with simple, circular pits, 
but tho form of pitting maj’ vaiy' according to tho typo of adjoining 
element. Crystals of calcium oxalate, usually prisms, occur in tho xylem 
parenclijma especially that adjacent to the fibres, and such colls ore 
usually subdivnled into small approximately cubical colls each containing 
one prism of calcium oxalate. In somo plants, such ns Ceph(rh's Jpeeacuanha 
and Jatiorlma palmata, tho cambial initials ore transformed directly^ into 
storage cells of the xylem without the formation of transverse divisions ; 
this produces a typo of coll intormedinto between a fibre and a cell of tho 
xylem paronchj'ma. Tlicso cells aro pitted like parench>Tno and contain 
living contents and storage materials, such ns storcli, and are therefore a 
kvnd oi TQwhfied parenchyma ; they ere •usnahy knorm as sxibsUtnte fibtfeS 
and each one corresponds to a file of normal paronchj’ma. 

Medullary rays. Tlie cells of the roo<lunary raj-s ore parenchj*matous 
with square ends and suuplo pits ; their function is mninlj- that of storage 
ond they often contain starch grains and sometimes calcium oxalate 
crystals. If the colls of a medullary ray ore all similar, tho ray is termed 
homoffeneous, but if some of tho colls differ morphologically from tho 
remamder, as is tho case in Pinus, the ray is termed heterogeneous. 

The middle lamella of woody tissues is the most highly lignified part 

t 

1 

unit of which has a benzene nucleus to which are attached a phenolic 
hydroxyl group, a carboxyl group and an ahphatic side-cham containing 
aldehydic, carbmol and unsaturated groups. This aromatic aldehydic 
substance is thought by some to bo combined with the cellulose by a 
glycosidic linkage to give ligno-cellulcrae, tlie chametoristio substance 
present in lignified cell walls. Others regard the middle lamella as being 
almost pure lignin ond the thickomng as consisting of micell® of cellulose 
occupying tho interstices of a complex lignin molecule. Lignin is readily 
decomposed by oxidising reagents suifii os a mixture of nitric and chromic 
acids, 10 per cent, of each in water, or nascent chlorine as produced by 
a mixture of 50 per cent, nitric acid and powdered potassium chlorate 
(sometimes Icnown as Schulze's maceration fluid) ; tlie chromic acid 
mixture is used at ordinary temperatures, but the chlorine reagent is used 
at the boiling point. %Vhen pieces of wood are treated with either of these 
reagents, the middle lamollai are destroyed and tho constituent cells of the 
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the lignin is at 
which no longer 
'O'jpond to tests 

Lignificd woILs ore permeable to water, but do not retain, anj' appreciablo 
amount a«: do celluloso walls ; tliey are completely soluble in 80 por cent, 
v/v sulphuric acid and ore msolublo m cuoxam. Dilute aqueous iodino 
(N/50) followed by a dehydrating agent such as zinc chloride or sulphuric 
acid gives a yollow colour ; anihne salts stain thorn yellow ; phloroglucin 
I per cent, in alcohol followed by strong hydrochloric acid colours them 
red. Ligaified walls act as a reducing agent when treated with the 
greenish-red fluid obtained by mixing feme chloride and potassium 
ferncyanide, in which thoy mduce the formation of a blue precipitate. 

Classification of Woods 

Woods tdthoat Vessels 

A. Coniferous woods : Deal. 

Woods with Vessels 

B. Aromatic woods ; Sassafras, Sandal. 

C. Bitter woods ; Quassia, Surinam Quasijm, 

D Coloured woods : Guaiacuni, Red Sanders, Logwood, Sappan 

DEAL. Red Deal, White Deal, etc. 

Sources. The timber or wood of Pmu^ ^ylvaslrts Lmn , the Scot’s 
pine, is kno;vn as red or yellow deal, and that of Ptcea excelsa Lmk, the 
Nor>vay spruce, is known as white deal. Several other species of 
Pinus and of Abie^ yield similar woods, which come from Canada and 
the United States of America as well as Europe. These trees belong 
to the family Tinaceaj. 

Description. There is much eimilarity in the coniferous woods and a 
description will be given of red or yellow deal, from Pinus sylvastris, as 
an example The wood is rather soft and buff in colour , it has a 
density varying from about 0 35 to 0-8 and its odour is somewhat 
resinous It has a straight grain and splits readily longitudinally 
leaving smooth surfaces ; the annual rings arc well marked and eacli 
is bounded externally by a narrow, dark band of autumn wood. 
Vessels are absent, but re.sm ducts occur in the central and outer part 
of each annual ring, but are not more numerous than Bltecn poz 
centimetre of arc in any annual ring. The medullary rays, wluch 
number about four or five per railltraetro of arc, appear as very fine 
whitish lines and are of two widths, an occasional ray appearing wider 
than the others Parenchyma is present m very sm.all amount 
surroundmg the resin ducts and only visible with a microscope In a 
radial surface, numerous medullary rays cross the gram and appear n-s 
marrow light-coloured horizontal bands ; resin ducts run parallel to 
the gram in email numbers appearing as broivnish vertical streaks , the 
autumn wood of the annual rings appears ns dark vertical lines The 
tangential surface shows resin ducts as on the radial atir/aco and nNo 
very minute inconspicuous paler dashes, which are the medullary raj's. 

Histology. The wootl of Pmus »^teMrts consists almost entirely of 




rio. '16, %Vood of Pjnua tylvestri — - i- - 

through an annual ring, Left-fc i 

section and the right-hand one • . ' 

after Kny. aw, autumn wood , . • . ■ . ■ 

•m.r., medullary ray ; m.r,9., starch cells of medullary ray : tn.rA , 
tracheidal cells of medullary ray ; p., bordered pit ; r., resin duct i 

a.c., starch cells ; s w., spring wood ; t,, tracheids ; tc, tracheidal cell : 
li.m.r., imisenate medullary ray; w.p., wood parenchyma. All X 
about 250. 
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they form mgrowths, which eompfetols' block the oUor ducts. Associated 
with each resin duct is o very small amount of thin-walled ccHulosio 


ray. The raya are heterogeneous ; tba centra) two or tJirco rows of colls 
are sotncwltat elongated rectangular or rhomboid porenclijinatoxis cells 
having large simple sub-rectangular pits, ono such pit occurriiip in each 
aroa, known os a cross-field, outlined by tbo intersection of a tracbcid and 
a ray coll. T)ieso ray cells have from fivo to eight largo pits on each 
radial wall and in the aap wood tlioy contain starch and arc theroforo 
known*'*' ***• ' ».t 

with n\ ' . ’ • 

, walla, ' 

Tljo ... 

znotliod of identifying the woo<ls obtomod from closoly related coniferens 
trees. For example, white deal-— tho wood of Picea creeha — has two or 
more small bordorc<l pits in tbo cross-Aold ond the pits occupy only a small 
part of the total area of tho held. 

ConsUtnenb. The chief constituents are cellulose about 67 per cent, 
and lignin about 26 per cent ; thcro arc also pn'sent a small quantity 
(about I per cent.) of resm (colophony) and of volatile oil (turpentine). 

Uses. Deal is used os tho chief source of wood cellulose and al<>o 
for making mechanical wood pulp. 

SASSAFRAS WOOD 

Sources. SfVMofriv* wowl w tho wowl from tho root of Sataa/ras 
O. Ktzo o^finafc Xco** >, family* Laumcest', a anwvU 

dirooioiw treo growing in tho citetem <lntricl« of \orth Amenro from 
Caiuula to Florida ond comr-i ebiefly from tho «-A.-cn-n> xlntea of tho Unitp«l 
States of Amenea. 

Description. Tlie «'oo<l occurs m logs up to 50 cm. thick, m branching 
hdh'ts or m chijM , it is grej'ish hniwn to gA«} »sh nsl-brown in colour mul 
is cnarse-gmiiveil. fioft and cosilj' out , tho nmiiml rings nre well markisl ; 
tlio ve^-rt'Js are largi-st and must miinetuus lu the njiring irotxl, giving ft 
riiig.jionuis ajipearance, they are smaller and much less eonspiciimis m llie 
I'Ummer wocxl ; tlm rnislujlftTj' rays are narrow aiul paler tlian ibe 
TTt7vi}/i<}^r nt tho irood, as «««en m thr Irnrjjrveroe surfaer , <yl<ntr fragrant . 
aromatic and r*‘minieccnt of fcimel ; tn-ste arptnutio and i.w>s>{i«h 

nislology. The bulk of fbe wood cormistn of fibri's which have larger 
itiiniiift and are somealuie thin-wftl)c<l in thw Hjmng wihmI, Imt an- thick- 
"ullisl m the summer wooil Tlie larger vi-tsols of llie spring wo<xt OU" 
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often half the width of tho xylom strnmr between two medullary rays, in 
the autumn wood they are fowor and luilf tho diamotor or loss ; many of 
tho vessels are closetl by tliin-wnllcd thyloses. TIjo medullary rays are ono 
to four colls wide and contain rotbbrowTj contents. Oil colls are scattered 
throughout tho wood and occur in tlio medullary rays and amongst tho 
fibres. Tlio medullary rays, xylom panuichyma and substitute fibres 
contain abimdnnt rounded starch gmins about 6 to 24 microns in diamotor. 

Constituents. About 2 per cent, of volatile oil, which contains eafrol 
(about 80 per cent.), phollandrono and pinono. 

Uses. Sassafras wood is issod as n dhirotic, stimulant and diaphoretic. 

SAUBAL WOOD. Yellow Sandal Wood, Lignom Santali 
Sources, etc. The yoHow sandal wood tree, iSon/afum album Linn, family 
Santalnceaj, is a small tree distributed over India and tlio 31alay 
Archipelago. It is found ospocially in Southern India, from_ Mysore to 
JIadras, and is regularly cultivated tlioro for tlio sake of its wood, which 
has long boon used in India in roligiotts ceremonies. It was known in 
tho eleventh conturj’, and has lK>en »iso<l metlicinally since tho raidcllo of the 
fifteenth century. 

Tlio yellow sandal woo<l treo is a Government monopoly in M>'soro, 
whence nearly all tho sandal wood of commerce ia obtained. Tho tree is 
plentiful, but must bo growx slowly in arid sittialions upon poor and atony 
soil to yield tho largest proportion of oil. 

Collection and Preparation. The troo is uprooted and roughly deprived 
of its bark and part of tho sapwood. It is then taken to certain dopdts (of 
which there aro nine in JIj*soro) whoro tho tninks are sawn into longtiis 
of about a metro and trimmed, and the roots are freed from bark. Tho‘ 
logs are sent either direct to London, or by native craft to Bombay or other 
ports on tho west coast of Indio, whence they aro oxx>ortod to London. 
Poriodical auctions of tho wood aro hold in Mj*soro, whoro also a certain 
amount of oil is distilled and cxportc<l. 

Description. Sandal wood logs aro about a metro in length and up to 
16 or 20 cm. in diameter, consisting of tho lioartwood only of tho troo. 
Tliis is yellowish or pale reddish in colour, lianl, heavy, ami dense, but 
easily split. The transverse surface shows nltomating lighter ami darker 
zones : tho medullary rays aro vorj' fine aiwl close together ; tho vessels 
are mostly solitary, being only occasionally arranged in small radial 
groups. The taste is slightly bitter, tho mlour strong and fragrant. 

In yellow sandal wood a volatile oil is deposited in tho heartwood aiul is 
found in all the elements of the wood ; it ia not aocrotod by or containwl 
in any particular cells or glands. 

Constituents. The imp ■ . 

0-986; o.r. — 13* to — 2 

The chief constituent of . 

a mixture of a- and j8-santaiois;, oi wnicn it contains over uu per cent. 

Uses. The wood is used as a sourco of tho volatile oil, and teclmically 
for the manufacture of boxos^ carvmgs and similar articles. It is also used 
in perfumery. Sandal wood oil is s stimulant and disinfectant of the whole 
genito-urinary tract. 

Vabebties. West Indian Sandal wood, Amyris balsamifera Lum., 
family Rutaceie ; vesaela in radial groups ; sp. gr. of volatile oil 0 900 to 
0-967 ; o.r. + 24* to +*29* ; contams 50 per cent, of omyrol. 

Australian Sandal wood, Eucarya apicata Sprague and Summerhayes 
family Santalacese ; sp. gr. of volatile oil 0-970 to 0-976 ; o.r. — 3° to 
— 10® ; contains not less than 90 per cent, of free alcohols calculated as 
CibH„0. 
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South Australian Sandal wood, Santalum Preissianum Miquel ( *= Fusanus 
aCMmina/jMKobort Brown); sp. gr. of volatilo oil 1-022 ; ro=e'Iiko odour, 

Fiji Sandal wood, Santalum FreyetMianum Gmidich ( = S. Yasi Seem.) j 
8p. gr. of volatile oil 0-9708 ; o r. — 25 5” ; o<lour slight. 

Severn! other fragrant Tvoods are known, e g.. those of Osgrta tenuifolia, 
family SantalnccaJ, from East Africa ; Olearta Traversti F. JItieller, family 
Compositie. New Zealand { Drachyleana Hutchmsn Hutchinson, family 
Compositro, Nairobi 

QUASSIA WOOD. Lignum Quassim. Quassia 

Sources, etc. Jamaica qua^ia woorl w derived from Picrccna 
exedsa (Sw.) Lindley, family Siniarubaceai, the Joffy bittcr-wood tree, 
which grows fo n height of 15 to 30 metres, somewhat rcsemhling in 
habit an asJi or ailanthus , it gron-s m the West Indian Islands generally 
and is exported from Jamaica, whore it is common on the plains and 
lower mountains. 

Quassia wood wa.s introduced into medicine about the middle of 
the eighteenth century, but was tlien obtained from Quassia amara 
Linn., a small tree or bush indigenous to the north of South America, 
w’hcnco its distinctive name of Surinam qua-ssia The wood of P. 
carcefsn was found to possess similar nrojiertiei, and has been substituted 
for it in England, Suruiam quassia, however, is oGidal on the Continent. 

Collection and Preparation. Tho tn-e w cut doim, (ho smaller branches 
aro removed nii<( tlio tnmk and largo branches are sawn into logs and 
billets, which oto 1-5 to 2 metrsM iii l«*ngth nml 20 t«j 30 cm m diamotor. 
For pharmaceutical u'o tho bark is n-mnvt**! and the w ood h cut across tho 
grain by largo chischhko knives nii</ the dinvingv arc kiln-dnod to pruvwnt 
tho destslopmcnt of mouhls, which grow remldy n, tho fresh wood Tlio 
wood also occurs m tho form of chips and moro rarely as small cubes with 
an edgo of about C mm 

Description. Quaiwia :s yellowish white to yellow m colour and ha.s 
a specific gravity of 0 W to 0-56 . the gram is straight and the wood 
fipHta easily longitudinally, esjxmiig a smooth surface . annu.al rings 
are absent , (he wood is diflciso porous, the vessels occurring Isolated 
or in small groups of two to cloven The medullary roys appear in a 
tran-svensc surface a.s fine straight white -liiirs, about m-t to eight |)er 
milfimetro ; the xylom pareiichjmw is chiefly m tangential hands of 
tw’o kinds, some of which are almost continuous at intervals of about 
2 (o 4 mm , giving rise to an opjK*,amnce re.scmbling annual rings and 
often referr^ to n.s “ /also " aniiiinl rings , tho other kind of band is 
from 0-5 to 4 nim. long and is s'cry numerous, Iwing arranged in 
about six to twcU'e irrcgufar rows betirecn any two ot the no.srfy 
continuous Kinds , the Kinds of p.irenchynin are almost mvartibly 
'nssociato<I with the s-e.-sscls. (ho darker intervening are.as consist of 
fibres. Somo Bpocimens of the w'ckkI show dark grayish p.itches, whirh 
arc duo to tho presence of the hsT^uo of a fungus iiif.Tting the wotxl, 
which is therefore of infcrwir qoaht»\ fhppfe marks arc clr.irjy 
evident on a Biiioothtsf tangential surfaci' The wood is odourless and 
has an intensely hitter (,i-‘te 

Histology. The wchkI hIiows a nton«sl iirriuigr-inenl. tie’ sl'-n-vs l»-tnc 
fn>m I’.'K) to .VKl niicirn** m li«*ight. The vixnJs Jmie sn’O' iuim«-rnns. 
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closely arranged, inmute bordered pits, having elliptical or hexagonal 
borders and slit-like pores j the vessel segments are from one to five times 
as long ns broad. Tho bulk of the TToodJs composed of fibres -which are 



Fio. 1C. Wood of PicTtBna exeelm, quassia wood. A, transverse section. 

B, radial longitudinal section. (7, tangential longitudinal section. D, cell 
elements from disintegralcd wood. Ail x JCO. cr, prism of calcium 
oxalate; /, xylem fibres; nur., medullary ray; mm.r., multiseriate 
medullary ray ; par, xylem parenchyma j par^, metatracheal paren- 
chyma ; par,, paratracheal parench^’zna • u.m.r , unfseriate medullary 
ray ; f, xylem vessel. 

firmnged in radial rows, the -wide parts of tlie fibres corresponding in 
length with the height of tho stories and the tapering ends extending into 
tho stories above and below, so that m transverse sections, tho mass of 
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fibres appears to consist of i^temate rows of larger and smaller elements ; 
the fibres have narrow, oblique. slit-Iike pits. The metatracheal paren- 
chyma of the tangential bonds is in layers three to seven cells thick and is 
arranged in vertical files each usually of four cells, exceptmg the cells 
' ’ ’ * ' * . ’ * r colls arc in files of the same 

• livided into numerous sub- 

. calcium oxalate. The files 

of crystal cells usually occur adjacent to the fibres } each erj'stal is 
surrounded by a closely fitting lignified envelope. The ordmarj’ cells of 
the parenchjTna are sub-rectangular and their walls have numerous 
rounded simple pits except where they adjoin vessels or fibres , they may 
contain starch groins, usually in small numbers and about 4 to 12 to 
20 microns m diameter. The niedollaiy ray's are almost liomogeneous, 
the edge cells being sometimes slightly elongated in a V'ertical direction ; 
here and there a cell is subdivided mto smaller cells each containing a 
prism of calcium oxalate ; the walls bear numerous simple pits and some 


Constitucnls. According to Jlassute (18D0), Jamaica quassia wood 
contains two closely allied, crystalline, bitter principles, X’pierasmin, 
CjjHieOio (m.pt. 204®), and fi-picroimin, CitSaOio {ni.pt, 209“ to 
212“), which are to be regarded as the active constituents ; it contains 
further, a very small amount of a crystalline bitter principle melting 
. at 234*, as well as a r^ute quantity of a yellow crystalline substance 
which exhibits in acidified alcohol a magnificent blue fluorescence. 
It contains no tannin. Aqueous extract varies from 6-3 to 8'Q per cent. 

tTses. Quassia is used as a non-astringent bitter tonic. It is also 
used to destroy parasites such as pedicuU. Large quantities of quassia 
are used in horticulture for the destruction of aphides, such as the hop 
aphis and the woolly aphis, thnps and red spider, Cups turned from 
the wood were formerly in use under the name of bitter cups. 

Substitutes. Surinam quassia is usually in Eroaller billets than Jamaica 


free from crystals of calcium oxalate. Tiio bitter principles contained m 
Surinam qua&sia arc distmct from those of Jamaica quassia, end have been 
called “quassims ” (Massute, 1890| 

Exhausted quassia which h^ been redned y'lelda a low aqueous exfmet, 
about 2-7 per cent. 

OUAIACTJQI WOOD. L^um Guaiaci, Xdgnom Vitm 

Sources, etc. Tho lignum ^itai or guaiacum wooil of commorco h 
derived from Guaideum offidnaU Luui., anil O sanctum Linn , family 
Zygophyllacea), both evergreen tree®, the fonner a native of tlie West 
Indian Islands and tho north coast of South America, tho latter of 
eouthem Florida and tlio naliacnos. Both occur m Cuba and ITayti, 
wlienco tho wood is largely exported. The Spaniards became acquainted 
-with tho dnig when they conquered San Domingo ; it won soon brouglit 
to Europe, where it acquired an immense reputation m the sixteentli 
century as a euro for syphilis and certain otlier diseases, the resin exlmclrsl 
from tho trunk being introduced subsequently'. 
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Collection. Tho trccg aro follocl, the bark stripped off, and tlie wood 
exported in logs varj'ing commonly from 1 to 2 metres in length and from 
10 to 60 cm. m thickness. 

Description. The logs are axccodingly hard, heavy, and compact, and 
consist of a dark, grconish-brown lieartwoofl 8nrroim<Iod by a yellowish 
sapwood. The exterior is yellowish-brovm in colour and either smooth or 
furrowed, the furrows being obliquo awl varying in (liroction (corresponding 
to tho arrangement of tlio xyJom fibres in tho wood). TJio wood has a 
density of 1*16 to 1'4 and thoroforo sinks in water. 

Tho moduJJarj’ raj’s are very manerotis, about ninoteon to twonty-threo 
per millimetre, fine, and straight ; tho ve&sels are usually single or in 
g ■ , ’ 


arrangement of the fibres. Botli tlicso and tho vessels — in fact, all the 
elements of the heartwood — -are with a dark resin, wliich is sometimes 

also found in cavities in tlio trunk. It exhales, when warmed, a foint 
aromatic odour, recalling benzoin, and has, when chowetl, an acrid taste. 


pale yellow sapwood. Tho sapwood contains about 3 por cent, of resin, 
not identical with tho resm of the heartwood. 

Histology, Tiie elements of the wood aro arranged in stories, which ore 
from 70 to 110 microns high. Tho vessels aro up to 160 microns wido and 
usually extend from ono medullary ray to tho next { they are isolated or 
rarely m groups of two, the walls aro closely covered with vory small 
bordered pits and the lumen is filled with masses of yellowish resin, Tho 
xylem fibres form tho mass of tho wood, they liavo very tliick walls and 
are wavy longitudinally, tho waves of tlio fibres in successive tangential 
’ . * “about 20®; the 

) tliot the fibres 
■ the fibres gives 

use 10 Liie imeriucKcu gram uiiu to tno aidicuicy experienced in splitting 
the wood. Xylem parenchyma is scanty and is scattered in egularJy or 
occurs in very short tangential bands ono coH wido, tho files consisting of 
two colls or sometimes of tlireo or four. Tho mociullary rays are un/seriate 
and are 3 to 4 to 6 colls high, occasionally they are two cells wido at tho 
middle ; in transverse section of tho wood thoy aro straiglit except whore 
they bond to pass roimd the larger vessels. Bosm occurs m all tho elements 
of tho wood and prisms of calcium oxalate in some of the cells of the 
parenchyma. Very occasional starch grams aro present in tlie medullarj’ 
rays and tho parenchyma. 

Constituents. Tho heartwood of guaiacum contains between 20 and 
25 per cent, of resin, which consists chiefly of «- and /3-guaiaconic acids, 
guaiaretic acid, and guaiacie acid, Guaiaconio acid is converted by 
oxidising agents into guaiae-bluo, and accordingly tincture of guaiacum 
wood gives a deep blue colour with dilute solution of ferric chloride, a 
reaction which is usef’il in identifying the wood. Guaiacum wood also 


acid, though a characteristic constituent of tho wood, has been found in 
other woods (e.g , species of Bulnesia and Porlhria), and its presence 
therefore is not on infallible diagnostic character of guaiacum wood. 
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Uses. Guaiacxim Ijag ft local stimulaat netion xrhicli is sometimes useful 
in eoro tliroat. Tho resin is used in chronic gout oncl rlieumntism, whilst 
the woo<l is ftn ingrodjont- m the comiXJiuul concentrated solution of 
sarsnparillft, which was fomieriy mucli usorl ns nn nltemtjve in sj-phihs, 
SobsHtutes, etc. Commercial guameum wood turnings frequently 
contftin tlio sopwooil as well fts chips of otlior woods. These may bo 
detected by their colour and by the amount of alcoholic extract which 
shotihl not bo Jess than 32 per cent. 

R£ID SANDERS WOOD, Red Sandal Wood, Ligoum Fterocatpi 
Soorces. Red sanders wood is the heartwood of Pterocarpus 
sanlaUnus Unn. filius, faroily Lcgummosie, a small tree indigenous 
to Southern India and the Philippine Islands During the Jliddle 
Ages it wa.s classed as a spice and used for culinary purposes, and 
at one time it was supposed to posse-?! medicinal properties ; it is now 
employed eolelj’ as a colouring agent. 

Tic tree is reguJarlj’ cnlttratod io districts situated to the west and 
north-west of ULidras. Tho felling of the trees is controlled by the 
inspectors of forests, and the rerenuo thus obtained is considerable. 
The dark red heartwood alono is exported. 

Description. Red eander| wood is imported in irregular, often 
branchbg bdlets, commonly 7 to 15 cm. thick and about a motro 
long, deprired of both the rugged bark and the pale sapwood. It is 
of a deep blood-red colour both internally and extemsily; the trans- 
verse section exhibiting alternating darker and lighter zones. The 
medullary rays aro just visible under the lens , tho vessels are largo, 
mostly Isolated, and connected by fine, bright red lines (wood paren- 
ch 3 maa). Tho wood is very iiard, but can be easily split It is inodorous, 
but has a very slight astringent taste. 


substances, the chief of which are santaJin and desoxysantalin. 
Santalm (santabc acid), has been obtained in blood-red 

microscopic needles melting at 220^ , it is insoluble m water, but yields 
a blood-red solution with alcohol, yellow with ether, and violet with 
caustic alkalies. Santal (D’eidel, 1869). pterocarpm, and horaoptero- 
carpin (CJazeneuve and Hugonneng, 1887, 1890) are colourless crystal- 
Ime substances also contained in ^ sanders wood. 

Use. Red sanders wood is used solely as a colouring agent, and 

. 1 1 • j. t . — application, as the colouring 

and IS precipitated when the 

XOGWOOD. 'Lignmn Hsematoxyli 

Sources. The logwood tree, B(ematoxyU»i campechianum Linn , family 
Leguminos®, is mdigonous to Central America, but naturalised m t]ie 
West Indian Islands. The use of'the wood as a dye was probably known 
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to tho MoxicQue, for ita introtluction into EurojK) followed closely on the 
conquest of Mexico by Cort^*s ; in 1746 it wna introduced into the London 
Pharmacopcoift ns a mild nstringont, but H now rnroly used medicinally. 

Collection and Preparation. Tho wood is exported in the form of billets 
nnd logs from wliicli both bark and sopwoofl liavo boon removed ; tho 
honrtwood alone contnina tlio colouring and astringent principles. It is 
cut by machinery into chips or turnings which are sometimes fermented 
by moistening them, heaping them togotho4 and oxjiosing them to the 
air for a jionod of from four to «lx weeks, the heaps being frequently 
turned over j they are then tlricd. By this process the chips darken in 
colour and oxliibit patches of a dark boetlo-grecn lustre. Forme<licinaluso 
tmforroonted chiiw nro proforred. Fermentation of logivoo<l is not much 
practised now, ns it baa been found that tho oxidation of tho hrematoxylin 
to hrematoin that is necessary in the dyeing process can bo effoctod by 
using an oxidising mordant such ns potassium dichromato. 

Description, logwood consists of tho honrtwood of tho tree, imported 
* . r • t- , J ’ 1 to 2 or more metres in 

i ' . . . or purplish-red colour, 

. . ^ ‘ ‘ ’ . • ' ‘ d and hea%'y, but easily 

split. Tho transverse section oxhibhs under tho lens very narrow and 
closely approximntod medullary rnj*8 nnd narrow concentric dark zones 
altomating with paler ones, a difloronco due to tho colouring matter 
oecrotod m tho former. Tho odour of tho chips is faint but pleasant, 
roeollmg that of violets s tho taste is sweetish nnd astringent. Small 
fragments import a purplish blue colour to limo water. 

Constiinents. The principal constituent of unformonte<l logwood is 
hrematoxylin, dEjO, of wlUoh it contains obout 10 per cent. 

Tliis, when pure, forms colourless crystals which acquire a reddish colour 
on exposure to tho air. It is sparingly soluble in water, but dissolves 
readily with purple coloration in solutions of caustic or carbonat^ 



takes place during the formontalion of log'vood, the brematoxylm being 
partially converted into htemntoin.* Hnsraatoxj-lin is hydroxj’brasUin (boo 
below) and hrematoin liydroxybrosiloin. 

Logwood contains, further, tannin, resin, quercetin, and a trace of 
volatile oil. The sweetish taste is pixrfuced by the lirematoxjdin, the 
astrmgency by tho tannin. 

Varieties. Several commercial voriotiw of tho wood oro recogn^^, 
that from Yucatan (Campoachy) being considered tho best, while British 
Honduras nnd San Domingo also furnish w'ood of good quality ; Jamaica 
logwood is loss osteomod, as it is inferior in colourbig power. Bastard 
logwood is tho name given to a variety of tho wood of paler colour and. 
much less colouring power than tho genuine ; it appears to bo derived 
from a variety of H. campechianum. 

Uses. LogiTOod is largely used os n dye nnd in tho manufacture of 
inks. Much of it is converted for tlieso purposes into on aqueous oxtiact 


differential staining of cellulose tissues. 

SAPPAN. Sappan 

Sources. Sappan is the heartwood of Ctesalpinta Sappan Linn., family 
Legummosae, n tree indigenoxis to India and tho Malay Archipelago. 
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Desoriptioo. Tho nowl occiire m )mnl, Jionvy of vnryuie ejzo. 

usvmlly 2 to C ii\. or luoro «\ diamctor, consisting of tho orftngo-rod Jjeart- 
n-ood fo nvliich n littio of tho whitish sapwood still adlioros. Somotimea 
tho wood is reduced fo ornngo-rod cliips. The transverso section exhibits 
woll-roarkod concentric rings, niunoroua imrrow medullary rays, and largo 


colour to limo water (compare Logw'oodh 

Constitaents. Sappan woo<! contains bmsilm (sco below) 

Note. Bratil tmod is tho heartwood of Casalpmta brasihejisis Linn., 
Brazil, Guiana, West Indies, Arc., and other spocios. Outer surface (after 
exposure to tho air) dark reddish or nearly black, tho freshly cut surface 
roddish-hrown } \'cssol3 erruilter than in sappan ; decoction coloured 
carmine by alkalies } contains broailm, CnHuO*, yollowisli, wluch in 
alkaline solution readily oxidises to bmstiem,Cj|H,|Of,HjO, deep red. 

Peachu'ood is tho lieartwood of C. ecJiinata Lamarck, and also contains 
brasilin. 

Ptistic from Chlorophom liiKtona Gaudich, family Morocom, South 
.lUncrica, contains a yellow cofonring matter monji or mono acid, CijHi«Ot, 


allied to znorin. 
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Bajiks c<m'iist of tlic- extcnwl of Rlcms or roots removed by 

I>cchiig them nftcr making suitnMe longitudinal and . ; » 
incisions through the outer layorn. Wu*” "’d •• ‘ * 

whicJi IS usually carried out in the spring. ;* * ‘ ^ 

ut the weakest layer Tins weakly* conj*** ; ‘ yv* js the cambium, 
Wcauso at this position the cells, Ving in a slate of active division, 
aro all very thin walled and <licrx-fore easily* nipturwl. The inner 
surface, therefore, of a bark corre-Hjionds to the position of the cambi* 
fonn tissue, which has Ik-cji tom during the removal cf the bark, and, 
proceeding from w-jthiii outwanls, then* may* bo present in the 
commercial product ^omc or all of the following tissues, viz., seoondaTy 
phloem, primary phlo<-m, cortox and peridenn, hy* which one imder- 
Blands the phellogen and the proilucts of its activity, such ns cork and 
phelloderni Epidcnnis is present in very* young barks only*, and is not 
usually found in commcTcml barks ; when pre.'^rnt it appears aa a very 
tbin glistening membrane, ginng a somewlmt silvery npjienranco to the 
pieces of bark. Tins delicftto slan sepamtes quite easily* because there 
is invariably a formation of cork beneath it. The external tissues of 
older barks often have a rugged and scaly appenronce, duo to the 
splitting away, or exfoliation, of some of the outer tissues, a condition 
brought about by tlio formation of phellogeiw of local extent and 
often concave m form, which cut out more or less lenticular masscj of 
colls. The tis.svics so cut out arc, at first, cortex, whilo later mainly 
secondary plilocm ami nil Buch tuvmc isolatiKl by cork mphUy dies and 
often flakes of! at tho position of tUo pbcllogcn. Layers of dead phloem 
alternating with bands of cork frequently form a somewhat massive 
external covering to a bark, niid a composite dead tissue of this type 
is termed a Thytidoma. 

5Dmy barlca, sucli as cinchona, were originally obtained from trees 
growing wild, and the usual mcthoil of collection was that known as 
felling. The fully grown tree was cut down near tho ground level aD<l 
tho bark removed from both stem and bronchos ; this method is rarely 
used at tho present time. In tlic case of cinchona, it was found that 
the bark of the root contains alkaloid in notable amoimt, and, 
consequently, m plantations of Cinchona, the method of uprooting has 
now been largely adopted. Tho tree at an ago of from ten to fifteen 
years is cut down and tlic root is dug up ; tho bark is then removed from 
tho trunk and branches and also from the root. A second method of 
treatment which is followed is known ns coppicing. The trees arc 
allowed to grow to an age varying from about three to eight years for 
tropical trees such os cinnamon and cinchona, and up to twelve or as 
much as thirty* years for slower ^»wing trees such as oak, tho stems 
are then cut down to within a short distance from the ground and the 
bark is removed from the trunk and bninches. The stools, i.e. the 
stumps which remain in the ground, are allowed to send out a certain 
£S 
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inimber of Blioots, which nre rei "■ V'’ > < 

of from ono and a imlf to seven ■ 

and tho bark h stripped from * . ' ^ ■ 

shoots and tlie plantation iviJIyieltlregtilarly fora Jong period of years. 

Tho thae of collection is nsnaily spring or eariy summer, when the 
sap is rising in the stem and the cambium is active and, therefore, 
more easily torn tlian at otlier seasons. If there is a rainy season, it is 
during that period that the bark is most easily collected, as is done 
with cinnamon. Occasionally a bark is collected at some other time, 
and this is the case with wild cherry baik, Pninus serolina, which is 
removed in tho autumn because at that season the amount of active 
principle present is greatest. For the removal of the bark longitudinal 
incisions are made at intervals round the circumference of the stem 
and the bark is stripped off m long pieces, as is done with cnscara 
sagrada, or longitudinal incisions are made and also horizontal ones at 
intervals of about 30 cm. anil tlie pieces removed as for cinnamon 
Bark is al'O sometimes whittled off with a knife, such as a draw-knife, 
producing pieces of fairly small size and often showing adherent wood 
on tho inner surface. Drying of barks is nearly always effected by the 
sun’s heat m open air, or sometimes, after a preliminary drying in the 
open, the operation is completed by some kind of artificial heat. 

Barks are characterised by certain peculiar structural features for 
which special terms of description arc used. The shape of the pieces 


underpressure, so that •' — -* — «**• 

of considerable thickne. 
they arc found in both 

mercial bark is that removed from tho smaller branches and it becomes 


longitudinal direction ; curvature mostly takes place transversely, and 
since the inner tissues are softer than the outer ones and occur in 
considerable masses between the strands of fibres, there is a greater 
shrinkage in the inner than in the outer tissues, resulting in curvature 
of the bark with the inner part on the concave surface According to 
the extent of this curvature different characteristic shapes are assumed 
and special terms are used to describe them. When only slightly 
concave on the inside, the pieces are termed curved, and if the concavity 
is on the outside, as occurs in rare instances, lecurved. When the 


independently into a quill the piece la a double quill. When quills are ' 
packed one inside the other, as js done with cinnamon and sometimes 
With cinchona, compound quills result. 

The colour and condition of the outer surface afford useful characters ; 
when the cork is evenly developed, a SZ&OOth surface results, and this 
is frequently marked by lenticels which are commonly elongated and 
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placed transversely to tbe Jong axis of the barJf, as in cascara and wild 
clierry bark. Tlic presence of rbyiidoma gives a scaly appearance, 
though this is often absent in such barks as q^uillaia because the outer 
dead tissues aro removed during tho preparation of the bark. The 
corky layer frequently flakes off, or exfoliates, in fairly largo pieces, 
exposing the cortical layer beneath ; this happens in the calisaya 
variety of cinchona, where the exposed surface is dark bro^vn and in 
Wild cherrj' bark whore tho exposed layer is green or in older specimens 
cinnamon brown. Cracks and fissures of characteristic type arise in 
the outer surface owing to the lack of elasticity in the dead tissues and 
the continued increase in girth of the tree ; these cracks are often 
characteristic, having, for example, clean cut edges in Cinchona 
succirubra, but thickened, recurved edges in CincJiona officinalis. On 
older ’barks small circular dusty patches frequently develop in the 
cork, and these are described as corky warts, a good example is the 
older bark of Cincfiona succirubra. Tho shrinkage of barks during 
drying occurs chiefly transversely, because the longitudinally directed 
fibres tend to prevent extensive shrinking in length and the greater 
shrinkage of the softer tissues results in the formation of winkles 
externally ; if the troughs between the wrinkles are verj' wide, they are 
termed furrows. An additional character is sometimes provided by the 
presence of epiphytes upon the outer surface, most commonly lichens 
or brj’ophytea, including both livorworts and mosses, see Fig. 20, 
B and C. 

Lichens are recognised by their greyish coJoxir and thalloid structure 

or, if they are of the crustaceous type, by ' *•’ * 

they give to tho bark and by the presence • ■ • ' 

which are tho apothecia or fructifications c * ■ ' • 

Liverworts on barks aro usually foliaceoua and consist of a very slender 
stem to which small loaves are attached so as to lio all in ono plane, giving 
tho plants a dorsi-vontrol structure. The leovos are only one cell in 
thickness and show no central thickening or midrib. Seo Fig. 20, p. 76. 

Mosses have a slender stem bearing spirolly arranged leaves, which 
possess a midrib and have a lamina one cell thick ; tho margins of the 
leaves sometimes bear characteristic teeth. Seo Fig. 20, p. 70. 

The iimer surface of pieces of bark also shows features bf colour and 
condition which are of diagnostic value. Tho shrinkage results in the 
production of parallel longitudinal ridges, which are sometimes very 
fine and in other cases quite coarse ; they are termed striations. 
Occasionally, also as in cascara, longitudinal shrinkage produces 
parallel transverse wrinkles, known as corrugations. Very unequal 
shrinkage of portions of differing hardness associated with an anasto- 
mosis of tho fibrous strands, sometimes produces a’network of raised 
lines as in wild cherry bark. ^Vhen the whole of the innermost tissue is 
uniformly soft for some little thickness as in quillaia bark, it dries 
to form a firm dense layer giving a very hard smooth inner surface 
which emits a metallic sound when sharply struck with a hard 
instrument. 

The behaviour of barks when broken across transversely and tho 
appearance of the exposed surfaces are known as the fracture, and 
this provides one of the most useful diagnostic characters. When the 
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mnncr %alujiMo diagnostic cliarnctcr for most barks. 

very ranons. 

cuonymus tind c 
Btituents are vela 
calcium oxalate. J 
chemical reaetiorw 

Mentitotion'ehli"' t‘ ‘““J' "sciiil 

t "P«;-«ny for fioirdored barks and also nheii 

thZ material. Eramples of such tests arc 

cb’coaitlea rvnnn alhaioids, tests for anthraqumone 

gijcositics, ci’anophorio glycasides and quinine. 

Barta. From whot has boon nritton above, if m evident 
which^ia^t^nn,^^* ^ commercml barks consists of eocondary phloem 
often oloments of eovoral types ; these are eiove-tubcs, 

fibrM and ' phloem parenchyma, usually also pJiloem 

inedullarv '^holo being traveisecl radially by 

of the constitute the most characteristic element 

Bieve.tuhrtrtf^Jt and 08 a typo of this ono may use tho welMeveloped 
K Jet^rnV/ Tho eiovo-tubo is a vessel or long tube fonied 

cylindrical cells united end to ond. Tho 
am 1 cross-walls aro at right angles to tJio tubo and 

en»^«» comparatively largo holes, oaten oway by the action of 

to this f\ ^ sleve-platcs which givo tho namo siovo-tubo 


bflf>nT», starch grains. After reaching a certain ago, sieve-tubes 

torniftri* by the formation of plugs of a hemi-celliilosic substance, 

uoon tif callose, which is formed by tho protoplasm ond is deposited 

t^t Ti ° ®'C''6‘plates. In tho majonty of cases this permanently closes 
been hning layer of protoplasm then disappears and they finally 

collapsed owing^^f ho pressuro duo to tho continued formation of 
sieve nf soconcKry tis.sue« mlemnl to thorn. In a few plants, tho 

aut niay fuiiKion for sovoml seasons, the calloso forming in tho 

rooD™^ fhssolvcd away by enzyme action in the spring, so 

pening tho siove-t(ibcs ; this happens in tho grape vino and the barborr}' 
emnf years these exceptional tubes becomo permanently closed, 

corair *^^^1 The callus of siovo-tubes is stain^ a bright pink by 

g j '*i*8oda, whicli is a reagent made by adding one volume of a 6 per cent, 
era's* *ir ®oralIin m alcohol to 20 volumes of a 25 por cent, solution of 
star^if scdium enrhonafo. This reagent also stains lignified tissue, 

P .8*’^'iisand some foimsof lesinand mucilage. Sieve-tubes commonly 
m tangential bands so that the walls of a number of collapsed tubes 
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form on irregular hyaline band, os seen in sections ; and tliLs modified 
tissue is desenbod ns ceratench3raa bocauso of its trnnslncont homy 
appearance. Sieve-tubes of the typo described nro necoraponied by long 
narrotv cells with dense cytoplasm end lorgo nuclei ; those are named 
companion cells, and thoir end trails usually coincide trith the ends of the 
segmenta of ' ' ’ ' i» • c c . n 

same initial 

with tlio S16 , I 

section they aro triangular in sbnpo and arc situated in the angles of the 

largo Kievc-tubo elements, whicli arc polygonal in shape. Sco Fig. 17 . 

Throe chief types of sievC-htbe occur in plants ; that typical of the 
gymno^porms has no dofinito end trolls to its segments which taper to 
bluntly pomted ends, and tho sieve areas aro small and mimorous and 
aro scattered irrogularl5' over tho ratlial walls ; they have no companion 
cells. Amongst tho more primitive arborc.al dicotyledons, tho sieve-tube 
segments have flat end walls whicli aro inelinod obliquely to tho side 
wailh ; those end walls boar several well-dovolopod sjov’o areas and there 
are other usually loss welJ-fomicd sievo areas on tho side walls f these 
sjovo-tubos nlbo aro not accompaniod by companion cells;' such sieve- 
tubes occur in cascara. Tho third typo of etovo-tubo is tliat already 
described, liaving transvorbO walls at right angles to tho skIo walls and 
H16VO plates upon tho end walls only ; they are charactoristic of herbaceous 
dicotyledons and of monocotyledons. 

Phloem parenchyma consists of colluloso-wallod colls which are raoro 
or loss rectangular in transverse section and soroowhat elongated axially ; 
they have large nuc/ei, abundant cytoplasm and usually contnm small 
starch grains These cells aro arranged m vertical files very similarly to 
xylem parenchyma. When bundles of phlooro fibres aro present, tlw 
paronchymatoua cells adjacent to them aro commonly subdivided uito 
smaller cells each of which contoms a prism of calcium oxalate. Phloem 
fibres closely re.semblo xylem fibres ; they aro usually voiy lieasnly 
thicUened and possess a narrow lumon ; tlioir avails may be collidosic as in 
mezereon bark and slippery olm bark, where, liowevor, tho middle lamella 
18 hgnified, or they maj' be strongly lignifitKl as in cinchona and cascara. 
These fibi cs arc present ui the majority of barics, but aro absent from a few. 


point 



Phloem fibres from 

Widtli 

Length 

Cinchona . 

. 30-60-90;! 

600-800-1,350;! 

Cascara . 

. 9-18-27H 

380-525-780;! 

Cinnamon 

. I2-83-35VI 

200-500-650;! 

Sassafras . 

. 16-25-40i! 

150-300-480;! 


Thoir arrangement also varies and is often characteristic ; for example, 
they occur isolated or in short radial rows in cinchona ; isolated or in 
short tangential rows in cassia and cinnamon ; in tangential bands four 
or five rows deep and reaching from ono medullary ray to the next in 
witch-hazol, cascara and quillaia. 

Sclereids, stone cells or sclerraichymatous cells occur in the paronchj’ma 
of many barks. These colls aro parenchymatoiut olemonts and may bo 

rounded, polyhedral or prism? ' * ' ” ’ 

lumen may vary from a narrcn 
sub-rectangular cavity. Tho 

perforated by tubular pits, winch arc often branched. Those extomal 
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Fio 17. Cell elements from baiks All X 200 Sieve-tubea of A, Pinus 
gj/lveJtris ; 23, Cucurbita pepo, C, CtnchOM tuccirubm , D, Bhamnua 
puTshianua Phlocin fibres erf E, Ctnchona avtciruhra , O, Bhamnua 
puraJiianua , H, Cxnnamomum zeylanicwm ; K, Sasaafrai vanifolium , 
M, QuilUtia aaponaria : a, fr, c, rf, «, g, h, k, m, transverse sections of the 
foregoing fibres . P, phloem parenchyma of B/iamnua purshxanaa, some 
cells with circular pits »mf others with pri«ms of cnlcium oralafe. 
Sclorcids of B, Prunua Pirginfana, 8, Cinnamomum zeylamcum , T, 
Bhatnnua purahianua. ' 
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openings of tho pits appear as small circular or irregular pores dottoil over 
the surface of the cells seen in surface vlow. The value of these cells (or 
diagnostic puiposes is illustrated by the fact that ‘they aie absent from 
frangula bark, but present in tho voiy similar cascara bark ; they are few 
in quillaia and very niunerous in cinnamon and cassia. 

TJie medullary rays ore composed of parenchymatous cells which tend 
to be elongated radially, and generally have cellulose walls. In some plants, 
such 09 Coscimum, tho prir * ' ' * -e ’ ^hiJo 

in others, such as cascara “ .* ear as 

the rays become older, p , , . ; . , 'iniaiy 

medullary rays, continuous with those of tho xylom which penetrate to 
the pith, Widen as they approach tho cortox, the increase being brought 
about bj’ tangential and radial division of the cells of the original rays, 
thus enabling them to keep pace with tho extension of the outer region 
m circumference os eecondaty growth proceeds. The secondary rays are 
more numerous towards the cambium and tho outer rays of each group 
often bend towards the contra! lino os they approach the cortex, forming 
roughly triangular groups. At the apex of such triangular groups one 
may find the primary phloem consisting of collapsed sieve-tubes and 
parenchyma. 

Beyond the phloem is tho pcricyde, tho outermost stelar tissue ; this 
varies in extent, being sometimes a cylindrical sheath one layer of cells in 
thickness, as m Lohtlia, while in other plants the sheath may be many cells 
thick as in cinnamon, hamamolis and barberiy. The pericyclo may bo 
parenchymatous and thin-walled throughout, but frequently it includes 
sclerenchymatous elements ; in conetla bark isolated fibres occur at 
intervals, in cinnamon and hamamolis the tissue consists of a band of 
several rows of sclereids external to which arc fibres in small isolated 
groups. These pericyclio fibres are often less lignified than phloem fibres, 
and, in transverso section, tho luroon is more rounded in outline and the 
walls higlily refractive. 

Cortex is often entirely absent from commercial barks, either became 
it has been cut away, as in cinnamon and quillaia, during the preparation 
or because it has exfoliateil after the formation of a layer of cork. When 
present, the cortox consists of parenchyma which is often divisible into 
an outer collenchymatous region and an inner thin-wallod region. The 
cortex usually contains starch end frequently also calcium oxalate, most 
commonly in cluster crystals, and secretory structures. Secretory 
structures also often occur in the phloem, for example, oil cells in. cinnamon 
and cassia, mucilage cells in slippery ehu, latex cells in euonytnus, latox 
tubes in alstonia and cascarilla, latox vessels in lobelia. 

Phellogen or cork-cambium arises in stems, oitlicr in the outer epidermis, 
as in Salix alba, Solcnwn Dulcatnara and Viburnum prunifoliutn or in the 
fiub-epidermal layer, os in Quillaia Saponaria, Oinnaniomum zeylanxcum. 
Cinchona, Cascara and Alstonia, or occasionally in the pericyclo as in 
Berberis. The phellogen cuts off cells on the outside, tho walls of which 
become suborised and form the tissue known as cork or phellem. Cork 
colls are therefore m regular radial rows and are usually thin-walled ; 
sometimes they become lignified or both lignified and thickened as in cassia 
bark and larch bark. In cascarilla biuk the walls aro lignified and the 
inner walls are incnisted with small prisms of calcium oxalate. On the 
inside tho phellogen gives rise to rows of cells which are added to the 
cortex and form a tissue termed pbcUoderm ? this tissue may consist of 
one or two rows only, or it may form a fairly wide band, the cells of which 
ore eometimos sclerotic as in canella bark. The whole of tho tissues, cork, 
phellogen and phelloderm constitute collectively the periderm. In older 
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barks the earliest phellogen ceases to divide and new phellogens are 
formed m the deeper layers, leading to tho death and exfoliation of the 
cortical tissues, and, finally, when the phellogens dip into tho secondary 
phloem, masses of phloem are cut out and die. There thus arises a dead 
tissue consisting of alternate layers of dead phloem and cork, a tissue 
which is termed ihytidoma and is found in thicker barks such as cinchona 
and quillaia. The phellogens are often only local m extent and cause the 
exfoliation of dead tissues in large flakes, givmg the bark a scaly appearance. 

The walls of the cork cells are said to be suberised, a change which is 
brought about by the deposition in the wall of fatty matter, which to a 
large extent imdergoes a change rendering it insoluble in the usual fat 
solvents such as chloroform t this substance is known as subenii. The 
acids present m the suherin are named suberogenic acids. Corky cell-walls 
therefore always contain a small amount of fatty matter, soluble in 


cent.'aqueoua solution of caustic potash, the soap appearmg as globules 


?: I ', ;• 

knowledge of the nature of the middle lamella of such tissues is necessary 
when one wishes to devise methods for their disintegration. This middle 
lamella is pectio m nature ; pectose, pectin end pcctic acid are all 
apparently present and probably also calcium pectate. Pectic acid is an 
aldoblonlo acid yieldmg on hydrolysis galacturonie acid, arabinose and 
galactosf and possibly also methyl pentose. Pectin, which is soluble in 
water, is a neutral methoxy ester of pectic acid and is hj’drolj’sed by 
pectose or by dilute caustic soda to give pectic noid and methyl alcohol. 
Pectose is a glycosical compound of pectin and cellulose and is insoluble in 
water. Intermediate between poctm and pectic acid is a group of acids 
containing different proportions of unchanged methoxy groups ; these are 
termed pcctinic acids. Alkaline hj’drolj'sis com’erts pectose into pectin 
and cellulose and converts pectin into pectic acids or pectinic acids. All 
the products of the hydrolysis oro present in the form of soluble sodium 
salts, hence by digestion with a '6 per cent, aqueous solution of caustic 
alkali, the cellulose tissues of barks may bo disintegrated for tho study of 
their constituent cells. If lignified tissues also are present, they may bo 
removed from the alkaline maceroto and treated with an oxidising agent 
os described for the dismtegration of woods. During the alkaline digestion 
tho alkali dissolves starch, protein and colouring matter and, after 
thorough wa-slimg with distilled water, tho tissues ore well clarified for 
microscopical examination. 

Classification of Barks 

Boxks Possessing an Aroma 

A. Aromatic^barka with a short fracture ; Canella, Cascanlla. 

B. Aromatic” barks with a short fracture in tho outer part ; shortly 

splintery in tho inner part : Cinnamon, Oliver Bark, Cassia, 
Sassafras. 

C. Aromatic bark with a very fibrous fracture ; Slippciy Elm. 

wiius'i reisM ^ 3 
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openings of tlio pits appear as small circular or irregular pores dotttvl over 
the surface of the colls soon in surfuco vlow. The value of those cells for 
diagnestic purposes is illustrated by the fact that they are absent from 
frangula bark, but present in the verj' similar cascaro bark ; they are few 
in quillaia and very numerous in cinnamon and cassia. 

The meSoUary rays aro composed of pnrcncbj’mntous colls ■wlueh tend 
to be elongated radially, and generally have cellulose walls. In some plants, 
such 03 Ce^cmium, the primaiy . . ' ' • ’ while 

m others, such as cascara and ‘ ;ear as 

the rays become older, partiot . , . • , ■ . ■ , . ; unary 

inedullarj’ rays, continuous with those of the xjdem which penetrate to 
the pith, %ridon as they approach tho cortex, tlio increase being brought 
about by tangential and radial division of tho cells of tho original rays, 
tlius enabling them to keep pace with tlio extension of the outer region 
in circumference as secondary growth proceeds. Tlio secondaiy raj’s are 
more numerous towards tho cambium and the outer raj’s of each group 
often bend towards the central hue as they npproacli the cortex, forming 
roughlj’ triangular groups. At tho apex of such triangular groups one 
may &id tho primary phloem consisting of collapsed slovo-tubes and 
parenclij’ma. 

Boj’ond the pldoom is tho pericycle, tho outermost stolar tissue ; tliis 
vanos in extent, bemg sometimes a cylindrical sheath one layer of cells in 
tliicknoss, os in ZoMia, while in othor plants tho sheath may be many colls 
thick as in cinnamon, hamamotU ana barbony. Tlio poricj’clo may bo 
parenclijTnatous ami thin*walleci throughout, but frequently it includes 
scleronchjmatous elements ; in canolla bark isolated fibres occur at 
intervals, in cinnamon and hamamolis tho tUsuo consists of a band of 
several rows of scleroids external to which are fibres in small isolated 
groups. These pericyclio fibres are often loss lignified than phloem fibres, 
and, in transverse section, tho lumon is more roundo<l in outline and the 
walls highly refractive. 

Cortez is often entirely absent from commercial barks, either because 
it has been cut awaj’, as in cinnamon and quillaia, during tho propamtion 
or because it has exfoliated after the formation of a loj'er of cork. ^Vlion 
present, tho cortex consists of parenchj-ma wliicli is often divisible into 
an outer collenchymatous region and on inner thin-wallod region. Tlie 
cortex usually contains starch and frequently olso calcium oxalate, roost 
commonly in cluster crystals, and secretory' structures. Secretory 


Phellogen or cork.camblum arises in stems, either in the outer epidermis, 
as in Salix alba, Solanurn Dulcamara ond FtfeumHin pnini/oliuin or in the 
6ub-opidermal layer, os in Quillaia Saponaria, Omnamamum zeylanicum, 
Cinduma, Cascara and AUlonia, or occasionally m the pericycle as in 
Berberis. The phellogen cuts off cells on tho outside, tho walls of which 
become suberised and form tho tissue known as cork or phellem. Cork 
cells are therefore m regular radial rows and are usually thin-walled ; 
Bometimea they become lignified or boUi lignified and thickened as in cassia 
bark and larch bark. In cascarilla bark the walls are lignified and tlie 
inner walls are memsted with small prisms of calcium oxalate. On the 
inside tho phellogen gives rise to roAvs of cells which are added to the 
cortex and form a tissue termed pbelloderm ; this tissue may consist of 
one or two rows only, or it may form a fairly wide band, tho cells of wliich 
are sometimes sclerotic as in canella bark. The whole of tho tissues, cork, 
phellogen and phelloderm constitute collectively the periderm. In older 
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Comtituents. Canella bark contains about 1 per cent, of volatile oil 
which has a pungent aromatic taste ond contains eugenol, cmeol and 
-terpenes. The bitter principle has not yet been isolated, and it is doubtful 
whether the pungency is due entirely to the volatile oil. The bark contains 
■‘r ■■ ■ ' ’ ’ • * , • • hshed from 

i: ■ . 

CASOAEILLA BAKE. Cascarills, Cortex Cascarillas 

Source, etc, Caacarilla bark is obtamed from Croton Ehuterui, J. J. 
Bennett family Buphorbiaces, a shrub or small tree mdigenous to the 
Bahama Islands ; it is exported from Nassau. 

Description. Cascarilla bark occurs m single quills or channelled pieces, 
from about 5 to 10 cm. in length and 4 to 6 mm. m width. The outer 
layer of the bark is a white or gre 3 n 8 h-white cork which owes its charac- 
teristic chalky appearance to the presence of nimterous crystals of calciinn 
oxalate in the cells ; it is longitudinally wrinkled, and often, at more 
distant interv’als, both longitudinally and transversely furrowed, thus 
assuming a chequered appearance ; it frequently bears the minute black 
apothecia of lichens, and easily exfoliates, disclosing a brown or dark grey 
cortex, marked with furrows corresponding to those m the cork. The 
inner surface is dark brown and longitudinally stnaterl. The fracture is 
short and resinous. The section ei^ibit.s a pale cork layer and a dark 
brown cortex and phloem, the latter being traversed by numerous very 
thin whitish medullary rays. 

Odour pleasant and aromatic; tasto aromatic but rather disagreeably 


stems. 

Blstology. The most diagnostic features are the hgnified cork cells with 
thickened outer walls and small prisms of calcium oxalate, about 3 to 4(1, 
adherent to their inner walls ; tho phloem fibres, not over wide, 
isolated or in small groups o! two to six ; the ntunerous small oibcolls and 
re«in-cells ; the latex secretion tubes of the cortex ; the numerous cluster 
ci^'stnls and few prisms of calcium oxalate m both cortex and phloem; 
the numerous small starch grams ; and tho imtseriate medullary rays. 
Sclorcids are absent. 

Constitueats. Cascanlla contains about 1 per cent, of volatile oil, a 
ci^’stalline bitter principle, coscanllin, winch is neither aUcaloidal nor 
glycosidal, and at least two alkaloids, viz. betaine and cascanlline, tho 
latter crj’sfalhiing in prismatic plates , it yields from 7*5 to 10 5 per cent, 
of a«h, siftings commonly affording a higher figure, probably because they 
contain many fragments of cork nch in calcium oxalate. 

Use. Cascanlla js used as an aromatic, bitter Btomacliic. 

Sobstitufes. Copa\eh\ bark, from Crx^on nit'ciM Jnequin (West Indies 
Venezuela), occurs in long quills, much larger than those of cascanlla, 
Tho bark of Croton luadui, Lmn (f): tho cork is greyish and firmly 
lullierent ; the inner surface is striatoil and pinkish-browTi ; tho transverse 
section fiJiows numerous groups of sclerenchj'matous cells. The barks of 
several other species of Croton have boon found m tho commercial ilnig. 

CINNAMOK BARE. Cortex Cioaamomi 

Sources and History. The cinnamon tree, Cinnmrumum zeylanteum 
Nces family Lauraccai, is a small etergreeii trie indigenous to and 
cultivated in Ceylon. 
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Cinnamon bark appears to have boon colloctod from wild plants and 
exported towards tbo end of tho iliirtcontfi centurj*. After tho occupation 
of Ceylon by tho Portuguo'^o in 1S30, tho exportation became moro regular. - 
In 1770 tho cultivation of tho troo was successfully carriwi out by the 
Dutcli, who, ns in other cases, madostronuous offortB to retain tho ciimamon 
trade in their own Iiands, controlling tho supply and tho price. Soon 
nftonrards tho English obtained jHisseKsion of tho island, and tho tnwlo in 
cinnamon was diverted from Amsterdam to lx>mIon. 

Cultivation, Collection and Preparation. Cinnomon is no\r almost 
entirely obtnmod. from cultivate*! plants, which aro grown from seed 
planted in tlio cinnamon ganlens in gronjw of four or fivo in holes about 
2 metres apart. Tho situations chosen nro slicltorctl ones at altitudes up 
to 600 moires, with a <lnmp climate and a high and equable tempemturo ; 
tho soil IS sandy with plenty of humus. Tho trees grow for alxiut four 
to six years, tho groumt being kept Ireo from wee<ts ; they nro then cut 
off closo to tho ground and from four to aoven straight shoots aro grown 
from each stock. Tlieso shoots, wJien about two years old, nro loppotl off, 
tho side branches aro trimme<l and tho leafy tops removed. After rubbing 
them with a Icnifo handle or piece of liartlwoo*! to loosen tho bark, tho 
shoots aro ringed nt tho no<les, about 30 cm. apart, with a sharp copper or 
brass knife, longitudinal incisions nro mn<lo to connect tho rings and the 
bark is reinovo<l in strips. Cras-s or copper knives nro used to avoid 
tho discolomtion that stool would cniiso by reaction with tho tannin of tho 
bark. Tlio pieces of bark nro mndo into bimdles, which aro wroppotl in 
coir matting and allowed to remain for about twonty.four hours, when a 
slight fermentation occurs, winch loosens tho outer layers. Each strip is 
next stretcho<l on a wooden stick and tho opidemiis, cork anil gtwn 
cortex aro removed by scraping with a cur\'o<l knife. After slightly drying 
for twenty-four hours, tho pieces nro sortc<l on<l packeil ono in«ido tho other 
and aro mwlo up into lengths of 80 cm. to 1*2 metres and about I enu in 
diameter. These compound quills aro placed on wicker platforms raise*! 
about 1 motro above the ground and aro drio<l, first in tho slmdo of a shtsl 
for a day ami then for a second day in llio sun. The cinnamon tticls bo 
forme*! aro mndo up into bundles of about 16 kilos cncli. Cinnamon sticks 
are graded into four or fivo qualifies according to their appenmneo and 
aroma. Small pieces of quilh and d6bris produce*! during tho handling of 
thcBO finer sticks, are sold separately umlor tho nnme.s of ** quillings *' am! 
" Jeatherin^B,” Bark of tho bigger and coarser shoots does not form quills 
and IS removed in rallior tliick pieces, -wliich nro mixe*l %vith bark of 
pnuiings and of stems which do^iot pool well and form a product knomi 
as “ chips," which lias a less dolieoto llavour and commands a lower price. 
Quillmgs, featherings and cliips aro all used for tho pnxiuction of oil of 
cinnamon. A loss valuable oil is also distilled from tho leaves and jx»tioIe-s. 

Description. Cinnamon occurs in long, slender, flexible sticks 
about 1 metro in length and 6 mm. in width, each consisting of 
numerous (about forty) channelled pieces or single quills, about 1 to 2 
cm. wide when flattened out, skilfully packed into ono another, the 
largest on the outside, so as to form a long stick of compound double 
quUls ; such a stick may easily bo separated into its component parts 
after it has been soaked in water. Tlie individual pieces of bark aro 
not moro than 0-6 mm. thick and of a dull, pale bro^vn colour. Tlio 
outer surface is marked with paler, glossy, undulating, longitudinal 
lines (bundles of pericyclic fibres), and show here and there scars or 
holes, indicating the insertion of leaves or lateral shoots, but is almost 
devoid of epidermis or cork, small patches of which occur in depressions. 





C9 

The inner sxirface is rather darker than the outer, and finely striated 
longitudinally. The fracture is short and rather splintery The 
transversely cut surface shows an outer pale la^-er of pencyelic 
scJerenchyTua and an inner dark traversed by fine medullary 

rays. The odour is delicate, fragrant and aromatie, and the taste irarm, 
sweet and agreeable. 

Histology, Excepting for occasional patches of cork and underlying 
parenchjTDR, cork and cortex ere absent. TTie outermost layer consists of 
a continuous bond, thro* or four cells wide, of pericychc hgiufied sderen- 
chynuj, on the outer margin of which emaU groups of about six to lUteen 
pericycUc fibres occur at mtervala. The pitted selereids ore often more 
thickened ujion the inner walU than upon tho oilier threo, giving them a 
ebaractoristic appearance ; they contain a few atarch grains. The efeic- 



Fio 10 Cinnamon ami c»Mis barks .4, compound quiU of cinnamon x it 
S, quiIl of cft’Mia bark X } : C. diagram of a traosvorso section of 
cinnamon x 25 , D, transverse e^ion of cainanioa x 2W. 8. starch ; 
h, outer layers of bark (cork and cortex) ; c, exposed surface of pWoem j 
cie, scar /eO by branch ; aciculor ciystafa ; «, rcmauis of cortex j /. 
phioera fibresj mr, medullary ray, ofr, ccrstcnchytna ; o.c, oil coll, 
jj.f., periejrclio fibre; pA, phloem; f>p, phloem parenchyma ; pact, 
poricyclic sclcrenchyma ; $ c., siove-tubra. 

tubes are Arranged in tangential bands which arc complately collapsed in 
the outer laj’crts ; tho eiovo plates nro on the trftnsvonto walls Tliophloem 
fibres occur singly or m short tangontml row^ of two to fivo ; they are 
liguvfied, coloiirleas and elender, bomg about 12 to ^ to 35p. witia and 
200 to 600 to 650;t long , their width only taroly exceeds 30t*. wljjch la a 
distinction from cassia bark, 'tlio parsrtcAytna consists of sub-rectangular 
cells winch contain starch grauie, 5 to 6 to Wp in djametor, rarely over 8;t, 
wliich distinguishes them from tho rsthor jatgor starch of cassia bark. 
Some celh contain pcnttercd minuto needles of calcium oxolafo. IdioblaHs, 
Bomewliat longitudinnlly elongated, contain volatile oil or ihoro mnily 
tnuciJogo. ilto fM«f«i7<Try rays are usually two-Rcrmte, widening slightly 
os they approooli tiio poncycio j many of thoiw cells also contain minuto 
tKwUeR ol calcium oxalnto or starch grainy see Fig ip, 

Tlio totoiart-a of fibres in ciiuiamon lias been measiirtd by tho lycoiHxhum 
mctliod («w rraci. Pfiarmaeop., p. I8l etjff,} ojid omoiints to SO to 85 to 
00-5 eq. cm. per gram of tho air-dty’ bark fbober, 1 040). Tlai value can lie 
uwd to determine the proportion of cinnamon in mixed powders and to 
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determine the omoiint of cinnamon in a mixture of cinnamon and cassia 
bark in the powdered form, aeo below under Cassia Bark. 

Constituents. The principal constituent of cinnamon bark is the 
volatile oil, of which it yiel^ 0*5 to 1*0 per cent. ; the bark contains 
also tannin and mucilage. Inferior qualities arc generally more 
mucilaginous and contain a volatile oil of inferior fragrance. The 
drug yields about 4 per cent, of ash and from 26 to 30 per cent, of crude 
fibre. 

The volatile oil (sp. gr. l-OOO to 1‘030; o.r. — 0*6® to — 1®) contains 
from 66 to 66 per cent, of cinnamic nldcbj^e together with ougenol (4 to 8 
per cent ), terpencs and small quantities of numerous other bodies. 

Uses, Cinnamon is used chiefly as a carminative or as a flavouring 
agent in astringent powders and tinctures. It has aromatic, antiseptic 
and mildly astringent properties. 

Related Barks. Jungle Cinnamon. Obtained from wild plants ; the 
bark is darker, coarser, less carefully trimmed and less aromatic ; it 
closely resembles cassia bark (see below). Saigon Cinnamon. Obtained 
from Cinnamomum Zouretrii Nees; quills about 16 cm. long, 10 to 
16 mm. wide, and 2 to 3 mm. thick ; groyi'sh or greyish-brown with lighter 
patches ; warty and ridged 5 taste sweeter, odour stronger than Ceylon 
cinnamon Jat'a Cinnamon, From O. Burmanni Blumo ; odour less 
delicate than that of cinnamon ; volatile oil contains about 76 per cent, 
of cinnamic aldehyde ; usod m Holland ; the cells of the medullary rays 
contain small tabular crystals of calcixun oxalate, whereas in cinnamon 
they contain minute needles. Oliver bark, or Black Saesafrae, is the 
dried bark of Cinnamomum Olweri Bailey, family Lauraceas, a tree 
indigenous to New South 'Wales and Queensland. It occurs in flat strips 
about 20 cm. long, 4 cm. wide and 1 cm. thick ; outer surface brownish 
with patches of whitish cork, very coarsely granular or warty ; inner 
surface timber brown, finely stnated, satiny. Fracture short, somewhat 
fibrous. Section exhibits a somewhat thick rhytidome, often separated 
from the inner part of the sccontlory phloem by a palor line of cork cells. 
Odour aromatic, recalling that of sassafras ; taste aromatic, bitter and 
camphoraceous. The chief constituent is a yellow, volatile oil containing 
safrol, eugenol, cineol and cinnamic aldehyde ; the bark also contains 
tannm. It is used as s substitute for cinnamon. 

CASSIA BARE. Cassia Lignea, Chinese Cinnamon 

Sources and History. Cassia bark is obtained from Cinnamomum Cassia 
Blume, family Lauracese, a medium-sized tree, probably a native of Cochin 
China, but cultivated now in the south-eastern provinces of China. This 

* . ■ • . try 

( to 

which the name of Cassia vora (or sometimes also Cassia lignea) is given ; 
they are exported from Calcutta and Saigon. The cassia vera of the 
London market is a firm, rather thick bark with a very mucilaginous taste ; 
it is said to bo the bark of Cassia Burmanni de Candolle. 

The bark is collected entirely from cultivated t^s. "When about six 
years old the branches are cut and the small twigs and leaves stripped off ; 
two longitudinal slits are then made, and three or four circular transverse 
incisions cut at intervals of about 40 cm. The bark 13 removed in pieces 
about 40 cm. long and half the circumference of the branch. These are 
next laid with the concave surface downwards and a small plane passed 
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over them, by which tho cork and part of the cortex are more or less 
removed. After drying in th© shsaie and sun, tho bark is tied up into 
bundles about 30 or 40 cm, long and wetting about 500 gm. and exported 
in boxes rejsembimg tea, ebeata, which am sometimes •nrapped in bast-mats. 

Description. The pieet© of bark vary from 6 or G to 40 cm. in length 
end average from 1 to 2 cm. m width and 1 to 3 ram. in thickness. Tlioy 
are either cliannelled pieces or single (jiulls, of » dark, earthy brown colour 
and smooth, but with patches of tho ttm greyish cork still ^hering to the 
outer surface. The fracture is short, tho section of the thicker pieces 
showing R faint white line (pencychc aclorenchyma) sometimes near tho 
centre, sometimes near the outer margin and parallol to it. In odour and 
taste cassia bark resembles cinnaraon, but it is less (lohcato in aroma and 
more mucilaginous and astringent in tasto. 

Histology. Cassia bark closely resembles cmnamon m structure It 
sbowa, externally to tho pencychc scleroncbj-toa, a band of cortical 
X>arenchyniR with ecleroids, both isolated and m small groups, and beyond 
this a layer of cork m which there ate bands of two or throe rows of cells 
with thickened and hgnihed walla, tho remammg cork being thm-wallod. 
The cells of the imverraost layer of cork have strongly thickened outer 
walls Cassia is distmguished from cmnamon by the abundant cork, the 
wider phloem fibres, wfuch often measure from 30 to 46{i m width, and tbs 
larger starch grams which are commonly over lOji and often reach SOji la 
diameter. 

Tho total area of fibres in cassia bark is 11 to 11 -75 to 12-5 sq. cm. per 
gram of air-dry bark (Saber, 1340) ; this value can be used to detenruno 
the amount of cassia bark m mixtures with cinnamon or other spices. 

Conafitoenti. Cassia bark snelds from 1 to 2 per cent, of volatile oil. 
resembling that of cinnamon, but having a higher specific gravity (I OSO 
to I'OTO) and containing more cumamic Rldehyda (76 per cent.) but no 
ougenol. The drug yields 13 to 24'6 per cent of crude fibre. 

SASSAFRAS BARK. Source®. Sassafras bark is the dried bark 
deprived of moefc of the cork, of the root of Saaaafnts variifohum (Salisbury) 
O. Kuntze, family hauraco®. a true growing in the eastern states of N. 
America, the bark coming chiefly from Virginia, Tennessee aod Kentucky. 

DesctiptiOO. In curved or recurved, irregular pieces. 0-6 to 3 to 4 mm. 
thick, 1 to 4 to 15 cm. long and 1 to 3 cm wide, rarely' ui quills ; outer 
surface rusty brown and fsirty emooth ; inner eurf&co somewhat lighter 
m colour and longituilmolly striated ; fracture ehortly fibrous ; textum 
soft and rather porous ; wlour strongly fragrant and aromatic ; taste 
Bwoetjsh, somewhat rmicilaguious, aromatic and slightly astringent. 

Histblegy, The nioat diagnostic fealurea are the large, isolated, hgnified 
phloem fibres, about 25}A wide, spindle shaped with ftoutoly point^ ends 
and about 160 to 300 to 480ii long ; tho abundant owid od-coUa, the 
numerous rounded starch grtiina, mostly aimplo or two- to four-compound, 
individual grams being from 3 to 20{i ui diameter In many cells of tins 
parenchyma there ftro small acattorwl ncedtoe of calcium oxalate. 

Constituents. Volatile od 6 to 9 pet cent. : tannm anti starch. Od of 
sassafrsa has a sp. gr. 1;07 to 1*09 and contains eafrol as its most important 
constituent. 

Dses. Sassafras bark is used aa on aromatic amt earminntivo, froquontiy 
m association with purgatives contammg anthraquinone derivatives. 


SIiIPPERY ELM BARK. Cortex Ulaii Fnlvie 

Sources. TJ>o ahppoiy tOm, Vtmusfulm Michnux, family Ulmacose, la a 
eroa!) treo indiganous to the ceotral and northern Unit^ States, The 
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bark is collocfod in tho tpring from the trunk nntl largo bronchos, doprivpd 
of its outor ilond portions, and dried. Largo quantities aro colloctwl in 

. n bark of commerce consists entirely of 
. , I ■ ■ lonly imported in largo flat strijw J to I 

metre long and 1 to 4 mm, thick. TIio outer surface is roddLsh*yolIow in 
colour, with potclios of tho roddisli*brown outer portion (rhytidomo), and is 
distinctly strintod longitudinally; tho inner surface Is fawny-yollow and 
also longitudinally striated. 

It IS extremely tough and fibrous. Tlio transversely cut surface is 
completely traversed by medullary mys, between which small tangential 
bands of phloem fibres and phloem parenchjma are arranged altoroalcly, 
giving tho surface a chequered appearance. If tho tmn5>'cr5o surface is 
inoisjtened and allowed to remain for a minute or two and again examine<l, 
numerous colls full of transparent s\%-ollen mticilngo can bo dotoctc<l. Tho 
bark has a strong aromatic and spicy odour resembling fenugreek, and a 
mucilaginous taste. 

Constituents. The principal constituent is mucilage, which swells but 
does not dissolve in water ; it is contnmoil in largo cells in tho phloem, 
and 18 present in bucIi proportions that 1 gm. of tlio powdered bark will 
convert CO c.c. of water into a thick jelly. 

Uses. Tho bark has <lomulcent and emollient properties. It is mctl as 
an oxtenial application in tho form of a poultice ; it is sometimes added 
to porridge and to infanta’ and invalids’ food. 

POMEGRANATE BARK. Cortex Qranati 

Sources. Tho pomegrannto tree. Punka Oratvitum Linn., family 
Punicncetc, is a shrub or email tree indigenous to north*wastem Indin, 
but cultivated generally m tho wanner ports of tho tcropemto regions, 
especially m tho coimtries bordering on tho Mediterranean. Moro than 


10 cm. long and 1 to 3 era. wide. Tlio root-fcarfc consists of irregular, 
curved, flottish or recurved fragments, tbo outer surface is rough, oorthy 
yellow with darker patches and marked by conchoidal depressions, duo 
to exfoliation of tho outer part ; tho inner eurfaco is smooth and yellow, 
with irregular, darker, brown blotclies ; tlio fracturo is &hort, tho frocturetl 
surface boing nearly white and showing, wlion emoothed, numerous fine 
tangential and still finer radial lines. TJio eltm-hark is in straighter 
channelled pieces or in quills, conchoidal iloprossions being absent ; tho 
outer surface shows occasional shollow, longitudinal furrows and pnlo 
bands of cork and is frequently morked by mmuto apotliocin of lichens, 
which are absent from tlio root-bark. Pomegranate bark is odourless, but 

li ■ ' ■ . • ' thickened and hgnifie<l 

■ , characteristic scloroids, 

either isolated or m small groups and o voiy fow prisms of calcium oxalate : 
tho phloem shows nbimdant cluster ciy’stals of calcium oxalate, which 
occur singly in most of tho colls of the tangential bands of paronchjTna ; 
tho medullary rays aro imiseriate end occasional cells contain numerous 
very small prisms of calcium oxalate. Abundant small rounded starch 
grains aro present in the parenchyma. Phloem fibres are absent. 

Gonstitnents. Five alkaloids liave beon isolated ; four, viz. pollotiorine, 
isopelletierine, methylpolletiorine, and methylisopellotiorme, are liquid, 
but pseudo-pelletierin© is crystalline. The total alkaloid present is about 
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0*5 por cent, in tho stem-bark, wid 0-6 to 0-7 per cent, in the root bark 
(Ewers 1899). The average of commorciaJ i«rk appeara to bo about 
0 35 -per cent. Carr and Rej-noJds (1908) found only 0-12 to 0 29 per cent. ; 
other authorities give 0-5 to 0-7 per Cent. Tlie fro.shly -dried bark has been 
found (in Java) to yield os much as 3 0 por cent., and them ore indications 
that tho percentage of alkaloid dummshw on keeping. 

Pomt^anato l^rk containa about 22 per cent, of tannin. 

PclUtienne (CjHijNO) (Tanrot, 1S78) or {nmicine (Bender, I8S5), is a 
oolourlcKs liquid boiling at 195®, bui rapidly a-ssuming a brown colour. 
laopellHkrine closolj' rcsomblesit ; mc/Ayfpfiteticnnc boils at 215®. Psetedo- 
pedciierine has also been called r»-mothy^;mnatonuio (Cimician and Siiber, 
1893). Tlio poiletienne tannato of commerce is a tnbrturo of tho tannates 
of tlie alkaloids of the stem and root-bark. 

ITses. Pomogranato bark has nn anthelmintic and slightly irritant 
action, but is aoroowhat astringent unless taken froel^*. It is usoil m the 
troatmenl of tapowoim, whicli la expelled (not actually killed), 

EUOKyiffUS BAI^. Wohoo Sark, Cortex £aoQ57ni 

Sources. Euonjmus bark »s tf/o dned root-bark of Suonymug 
atropurpHriua Jacquin, family Cclastmcc®, a tall erect shrub with smali 
tlnrk purple flowers succeed^ by enmson fruits ; it w common in tho 
eastern Ucuted States, extending weslward to IVisconsm and southirarcl 
to I’londft Tho drug usually consists of root-bark, but the stem-bark nl-o 
IS collected. 

Descriptloa. Euonimus root-bark occurs m email, more or less 
irregular, quilled or curved pieces, not usually oxceciluig 8 cm* m Ictigth or 
12 nun. in width. Tito outer layer u a soft, spongj-, f^cly flwirtMl cork, 
of a light ash'groy colour marked with darker hues or jwteties (duo to 
ftdliering particles of oorth) ond occasional, email. tronsNfnm scars Tho 
inner Burfaco is of a pale tawny yellow or buff colour ond nearly smooth s 
occnaionoiiy a tlnn eliovmg of pftio yellow, don'»o wooil iKlhcres to it. 

It breaks with a very eliori fracture, and if tho two piecos bo isepamtcrl 
verj' gently from one another delicate eilkj- thrt^ula will bo soon connecting 
them } these thmvfs consist of a substance resomWmg ciwufchouo or 
guttapercha socrottKl m iaticiferous cells m tho phloem, and found in nil 
siiecies of EiionyTHUi. Tho smoothed tronsvern'ly cut surfneo is grcyish- 
ahite, and oxlnbits, when moistened, o narrow whitisii cork, a pnlo oorloT, 
ond darker phloem Tlio bark luvsa fnmt but el«»mcti'n-.tic <Khiur recalling 
that of hqiioncc* root, and a disagrceabh^ and pi'rsisiotvt, hitter, acrid 
tivsfe. 

IBstolOgy. Tho bark pxhibita a thick layer of narrow thin-wnl!e«l 
h'giufiisl cor k cells, a cortex contamingahiirvlant cluster cryntaN of rnlraun 
oxalate ami n wide layer of scccwalary phhu-m in which an* scrtfts'nd 
niirrovv fibn-Rlinpesl, Iaticiferous cells fillwl with n gmnnUr imbstanre and 
having thin cellulose woUs. Tho bnrkeoiitaiiw no sclrrenchymatous Ubn-s 
or ctdis. Tho tiwyhdlary mya nro one cell wisfo The pamneliym'i contains 
nmarroiH i-maU starch gnuas 

OomtitUtutS. A bitter, crystallino alcohol, etjon>in'>1 has 

lies'll i«s»iiU<si from it. I'rom the nwm (3 2 p*f cv'itt ) etiuiamo'l in n iho 
ciyslftllim’ alcohols euonysterol, IwmoeUsinyiitoml. atrojnin'l amJ fitmllol 
lu\%e l*on lu'jxvmtsxl. Tho tiark also eoutams consid'-nil'l" •pi-niiiti.-s •>! 
ilii}ei{ol{<hi?eite).C«H»{CIifV*hoxrtbydro*yalef,)io} n*vhh i n-tahisingm 
Lirp- ptati's melting nt J8S 5* } it has a rw.-t-tish ta-4o an*i Inv-* t*-"-'! hxind 
in a emisulerabli* number of pUnta Tli-s pn-K-ne.. of ite- en«ia!hn« 
plueoMdo cuonjinin not conflnnesl, 

UjCS. Euonymm (the jxjwslejwl oXtntet) is on liepsuic inuntihsui, dm-ct 
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cholagogue, and mild cathartic. It is used in constipation and in hepatic 
derangements. 

SuhstituteS. Tho stem-bark, ■which is a commercial article, occurs in 
long, thin narrow str' . ^ ’ ' ' ' 

and fibrous phloem ; . ■ . 

Ifa/cr fearfc, th • . , • , ^ . 

been frequently mixed witli or substituted for ouonymus bark ; it is 
thicker, boars long, tranaverse, whitish scars ; medullary rays three cells 
wide ; below the cork a layer of yellow scleronchymatous colls » in tho 
secondary phloem largo oleo-rosin colls. 

BLACK HAW BARK. Cortex Vibtimi PnmifoUi 
Sources. Black haw bark is the root-bark of Viburnum prunijolium 
Linn., family Capnfoliacoie, a shrub mdigonous to tho eastern and contra! 
United States of America, chiefly from North Carolina and Tennessee. 

Description. The drug occurs in short, quilled, channelled or cur\'ed 
pieces up to 10 cm. long and from I to 4 mm. {usually about 2 or 3 mm.) 
thick, and of a dull brown or reddish-brown colour. In the youngest 
pioeea tho outer surface is sUgiitly longitudinally wrinkled, older pieces 
exlnbit small, rounded, or oval lenticols, while m old bark tlie surface is 
irregularly wimkled, fcsurcd, and scaly. Inner surface longitudinally 
striated, rough and reddish-bromi. Fracture short and granular, tho 
fractured surface exiubitmg numerous minuto glittering points (calcium 
oxalate). Tlie smoothed transverse surface shows a dark b^o^rn cork and a 
whitish or reddish cortex and phloem, m wJiich numorous pale yellowish 
groups of soloreids are visible. Tlie odour is slight and resembles that of 
valerian, the taste bitter and astringent. Portions of the smaller roots often 
occur m tho drug. 

Constituents. Black haw bark contauM vibumin (a water-soluble bitter 
glycoside), tannin, resin, and salicyh'c acid. 

Uses. Tho drug has been used for dysmenorrheoa and asthma ; it is 
supposed to prevent threatened abortion and to check htcmoirhago. 

WILD CHERIIY BARK. Vi^inian Prune Bark, Cortex Fruni 
Virgiiuanse. Prunus seiotina 

Sources. The bark that is commonly kno-wn as ■wild cherry bark,” 
is obtained from Prunm seroftna Ehrhart, family Rosacea), the black 
cherry, a tree ividely distributed over North America, especially 
throughout the northern and central States ; it is collected in tho 
autumn, at which time it is medicinally most active. 

Description. Wild . 7- 

usually in flattened, . ■ ■ I 

length and 5 cm. in • ' 

thickness. Young \ 

often glossy, reddish-brown cork, much interrupted by whitish, 
tangentially elongated lenticds ; it can easily be peeled ofi in thin, 
membranous, tangential strips, disclosing a smooth, g^eeni3h-b^o^vn 
cortex. Old bark is darker and rougher. >Iuch of the commercial 
drug has been deprived of its cork, and then the smooth, greenish- 
brown cortex, bearing scars corresponding to the lenticels, constitutes 
the outer layer. Sometimes even this has been removed and tho 
exposed part is then the phloem, which has a rough or rasped appear, 
ance and is of a uniform, dark cinnamon-brown colour (" rossed ” 
bark) ; examined under tho lens such bark exhibits pale anastomosing, 
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longitiidinal atrands, maudy adereids. alternating with darker paren- 
chjTnatous tissue (raedulhry rays). The inner surface of the hark h 
of a cinnamon-broTm colour and is finely longitudinally striated or 
rough, %nth reticulately anastomosing pale strands, the interstices of 
which are only partially filled with the brown (parenchymatous) tissue 
of the medullarj' rays. 

The fractur^ is short and granular ; the smoothed transversely cut 
surface has a reddish-grey colour, and shows an outer narrow, brown 
layer of cork, followed by a greenish band of cortex with numerous 
tangentially elongated groups of sclereids, and a tangential band of 
pericyclic sclerenchjTna ; the pWoem, which m “ rossed " bark 
constitutes the entire drug, exMbits numerous tortuous, pale red 
medullaiy rays alternating with phloem rays containing many groups 
of irregular sclereids ; prisms of calcium oxalate are present in the 
parenchjTua. 

The bark is almost odourless, but after moistening, it develops a 
strong odour of bitter almonds , the taste is astringent, aromatic, and 
bitter, resembling that of bitter almonds. 

Constituents. Wild cherry bark pelds, when moistened with water, 
hj-drocyaiiie acid and benzaldehyde. This reaction has been shown 
by Power and Jloore (1909) to be due to prunasin (tevo-mandelo- 
oitrile glucoside), which is isomenc, bat not ideatical 

with prulaurasin and sambuiugrin ; it is hydrolysed by an enzj-me, 
pninase, also contained in the bark, yielding hydrocyanic acid, 
benzaldohyde and dextrose. Thin green bark couected in tho autumn 
yields moat hydrocyanic acid {0*12 to O-IO per cent.): from the 
commercial drug 0 075 per cent, has been obtained ; the bark of the 
root is said to be more active than that from the stem or branches 
(Stevens, 1898). The bark contains also a brown resin. trimetbylgaUio 
acid, paracumaric acid and traces of benzoic acid and volatile oU ; a 
green resin yielding by acid hydrolysis ^'methylmsculetia is also 
pteaeat. 

Uses. The bark has mild tonic and sedative properties; it is 
frequently given for coughs and chest complaints. 

Substitutes. The bark of other North American species of Prunw 
is occasionally substituted for tho official. The latter is well charac- 
terised by its short, granular fracture and distinctive taste, as well as 
by tho presence of abundant sderenebjunatous cells anti absence of 
true phloem fibres. Spurious barks may be fibrous, or more astringent, 
or almost devoid of taste. Old (trunk) bark is characterised bj* the 
numerous depressions on the outer surface and tho absence of lenticels. 

CASCAEA SAGEADA. Cortez Bhamni Purshianis, Sacred Bark, 
Chittem Bark 

Source, etc- Cascara sagrada is the bark of Kkamnua PuTshiam de 
Candolle, famQy Rhamnacese, a shrub or small tree formerly abundant 
and now cultivated in North California and in the States of Washington 
and Oregon, the bark being collected m these States and exported from 
San Francisco. Considerable quantities arc also collected from 
plantations in British Columbia and exported from Vancouver, and 
the tree has been aucce«sfully cultivated in Kenya Colony. 
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Cultivation, Collection and Preparatioii. The trees oro grown from seed 
and are ultimately spaced at 1*6 to 2 metres apart. When the trees are 
from nine to fifteen j'ears old and the stems over 10 cm. in diameter, the 
bark is collected from thorn during the dry^senson from about tho middle 
of April to tho end of August j staining and blackening result if the bark 
js cut during tlio ramy season. Moss and epiphytes are removed from tho 
tree by scrajin.g and longitudinal incisions aro made into tho treo-tnink 
at distances 5 to 10 cm. apart, after which the bark is stripped in long 
pieces to within about 30 cm. of tho soil. TJio trees are then cut (Io^vn and 
the bnik removed in strips from tho branches. Drying is effected by 
placing tho bark on racks raised about 30 cm. above tho groimd or by 
banging tho strips over galvanised iron wires ; the inner surface is always 
turned dowuvnrda to prevent tho darkening which occurs if it is exposed 
to tho sun. “When dry, the strips are broken into smaller pieces and 
packed into sacks liolding from 2*5 to S kilos each. 

Description, Cascara sagrada occurs in single quills and in curved or 
channelled pieces. The quills arc from 5 to 26 mm. or more in diameter, 
whilst channelled or flattish pieces may bo as much as 10 cm. wde ; 
commonly the ' ‘ ‘ - - - - - - Tvide, 

and from 1*6 1« 

The outer bx. ^ ^ with 

transversely elongated whitish Icnticels. Tho bark, however, is often 
more or less completely covered with silvery grey patches of lichens 
giving tho drug a pervading groyish-whito colour ; bryophytes, both 
mosses and Uvenvorts, arc often attached to the outer surface. In 
most samples of the bark, pieces are to be found more or less encrusted 
with mussel-scale insects. The inner surface is yellow to reddish-brown 
or nearly black in carelessly dried bark ; it is longitudinally striated 
and shows faint transverse corrugations in some pieces. 

The fracture is short in tho cork and cortex and shortly fibrous in 
the phloem. The section (see Fig. 20 D) exhibits a narrow purplish 
cork, a yellowish-grey cortex in which darker translucent points 
(groups of sclereids) can be distinguished, and a brownish-yeUow 
phloem traversed by wavy medullary rays. The bark has a slight but 
characteristic odour, and a persistent, nauseously bitter taste. It 
should be kept for at least a year before it is used medicinally ; the 
action is then milder and less emetic. It imparts a yellow colour to the 
paper in which it is kept. 

Histology. The cork consists of numerous layers of small, thin-walled, 
flattened, polygonal pnsras, arranged in radial rows and having yellowish- 
brown contents which are coloured puiple by tho addition of caustic 
alkali. The cortex comprises on outer port of about Six layers of collen- 
chymatous cells, and an inner part of many layers of thin-walled eellulosic 


pierced by numerous tubular simple pits ; tho lumen is very small, often 
reduced to a lino. The groups of scleroi^ are not present in veiy yoimg 
bark from shoots up to about 8 mm. thick. All the cells of the cortex, 
except the sclereids, are somewhat tongontially elongated and contain 
cliloroplasts within which are minute starch grains ; occasional mucilage 
cavities occur in the outer cortex. The primary “phloetn consisting of a 
few fibres and some collapsed sieve-tubes can often be clearly distinguished 
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near the apex of each of tlie groups of converging secondary medullary 
rays. Tho secondary pJtlocm forms the bulk of the bark and is traversed 
by medullary rays ; the primary ones widen in tho form of a wedge as they 
approach the cortex and contain groups of scloreids in tho outer part ; 
the secondary medullarj’ rays ore ustially three- to five*seriato, sometimes 
umseriato, and somewhat wavy and arranged m groups between tho 
pnmaiy rays so that tho rays of each group bend toward a central line as 
they approach the cortex. The sieve-tubes are in tangential bands which 
are much compressed in the outer phloem. The flat end walls of the 
segments of the sieve-tubes are sharply inclined to tho long axis and 
cany three or four woll-developctl sieve areas ; there are sieve areas also 
on tho side walls ; there are no companion cells. Tho phloem fibres are 


chjma IS m tangential bands alternating with tho bands of sieve-tubes 
and of fibres, and many of tho cells which abut upon the fibres contain a 
pnsm of calcium oxalate forming a crystal ebeath to each group of fibres ; 
in the other cells there are occasional cluster crystals of calcium oxalate. 
In the outer part, that is, m tho older secondary phloem, groups of sclereids 
develop similar to those found in the cortex. Tho parenchyma, as well 
as the parcncliyma of tlio medullary rays, contains yellowish-brown 
colouring matter which changes colour to purple when treated with caustic 
alkali, see Fig. 20 E, G and H. 

Constituents. The presence of emodrn and an allied substance, 
possibly frangula-emodin, has been definitely proved (Jowett, 1005). 
Tho total amount of emodins present in the bark is about 1*4 to 2*0 per 
cent. The bark also contains fat (about 2 per cent ), glucose, and a 
hydrolytic enzyme. No difference could bo detected in tho chemical 
constituents of the fresh (one year old) bark and the matured (three 
years old) bark. Green, ICing and Beal (103C and 1938) and Liddell, 
King and Beal (1942) have shown that emodin, aloe-omodm and 
chrysophanol are obtainable from extract of coscara and that though 
each of these constituents administered separately has little purgative 
effect, yet the three given in admixture produce a good purgative 
action. Iso-emodin was also isolated from the extract. The bitter 
taste appears to be due to a lactone which is converted into less bitter 
salts by treatment with alkalies or alkaline earths, but this change is 
accompanied by loss of activity. Coscara bark yields about 27 per cent, 
ot aqueous extract and about 5 per cent, of ash. 

The presence of emodins may be shown by the test described under 
‘ Alder Buckthorn Bark,’ see p. 80. 

Uses. Cascara sagrada is tonic and stomachic in small doses, 
aperient in large doses, and cathartic if freely given. It has been much 
used as a laxative since 1883. 

Substitutes. The bark of R. califomica Eschscholz has been described 
as a substitute, but there is reason to doubt the validity of this species 
of Rhamniis. No chemical difference could be found between the barks 
of R. purshianus and R. califomica (Joirott, 1905). 

ALDER BUCKTHORN' BARK. Cortex Rbamni Franguloe 

Sources. The alder buckthorn, Rhamnus Frangula Lmn., family 
Rhamnaceaj, is distributed over Europe. It may be distinguished from 
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the common buckthorn {/f, caihartiM lann,). the only other hubgcnous 
t'lVCJC'i, by Iho entire Icavos?, h«rnuiphroclito floivera with five Ktnmons, 
aJi^ence of thom*^, uimI trco-liko Itabit. The bark is imported chiefly from 
Hollaiul. 

Tlie Lark is stnjijwKl from the stem and bmnehes, the wood of which 
was formerly valued for making charcoal for gunpowder. Wien frosh 
it has nil unpleasant odour and taste, and acts as on emetic, but rtieso 
properties aio lost when th© bark w dried and kept ; aider buckthorn 
bark should not therefore bo omploj'ed mediemally until it has boon kept 
for fit least n year. 

CeacripUoQ. The ilrug occurs m single or double ouiHs from about 0 5 to 
4 cm in ilinrnetcr and 16 cm. or moro m length Voimg bnrk is usually 
thin anil is covered with a gmootli. glossy, dark purphsl) cork markinl with 
small, circular or transversely elongated, whitish Jonticel**. TIio cork 
frequently exfoliates, or at least easily se|taratcs, di'iclosing a yellowish- 
bfoini cortesT, but tho inner pare of the cork « of a deop enmson colour 
easily si-en by gently scraping oO tho outer cork. The iiuier surface is 
dark cinnamon-hromi and nearly etnooth, mth fine longdiitlmal striotjons. 
Tlie fraeturo w short in the oufor. but rather fibrous ni the inner, part, 
groups of fibres projoctmg a abort ifistanco beyonef tho froefured surface, 
Older bark is rougher ©xternnUy, of a dull, ilark pundo colour, and bears 
trofisvefsely ofonpitctl lenticols and shallow longicu<lm«l the cork 

tixhibitmc less disposition to exfobato. Tho berk has a fnmt cxlour 
tcsotnbbttg that of cn«iara and a tasto that is <*CQrooIy bitter. 

Histology. A transvoreo et'Ction oxlnbila a cork corwistinR of narrow 
eotU many of whicfi contain a bright ptirphsh-cnmson colimnng mnttor, 
Tho cortex contains email starch grams, cluster cryntals of ralciura oxnlat© 
ftnd elongated mucilage cavities, but no sclereids. The Kiwndarj' phloem 
coBtams numerous langoutioUy olongatoil groups of thick-sTalkMl phloem 
fibres i tho metluUnr}- rays an? mostly two cells wide. Tho coifs of tho 
m«!»l!ar>’ mys and phloem parenebjuna contain n ycHowish amorphoiH 
siibstnnco dissolving m solution of potassium hi'droxidu witfi prtxhictioti 
of a bngiit purple colour. The structure, tborefore, is closely similar to 
that of ciwcftia wigrada from which it is dmuigumhcsi by tho nbst'nco of 
groups of pciorcids 

Constltaenis. The oetivo cmistituents nrv unporfecily knoiin. It 
contnins a glycosido, fmnguUn, srluch ers.-KtaJh-.m in lemon- 

jcllow iiotslies. IS slowly volnlije at onimary temjvwluri' nuil siiuns (lio 
paju'r m which tlio drug is kept , it is Boluble m cnastio nJkahiM wuh 
]»urjih) colornitun. UoiUsl with alcoholic hjilroehlonc ncid »t is coriwrusf 
into rhmnno's' and fmngula-cmodm. FitinguloTniodin. occuw 

m resldisli-j'olloa' crystals meJtmg at 254^ , »t is a tnoxj'methyhuithm- 
qumone, CnHttCH,)(OH),0,. and «pjvan« to bo identical vitli rlvnim- 
em'xim, but diffvront from oloo-rmo«lm ond fennas-modm ; it Ims Ivs-n 
knovnt under various unini**, viz rbamimxniithm (IbnswaiigiT. 18 ^ 0 ), 
fnuigultu (Cn'-selmmiu. 1857}. avonuc acid (Kuhtj-, leCfl), fratigidmie acid 
(F«u«l. 18Cf>. Koussler, 1873) Fnmgulm is wiul not to !•« jin’si-nt iii th<* 
frer-h biiik. but tu t*>- jinslucisl from acme uulcnuwn const ituvnt «(uriiiK the 
matimnp of the tjark, the clmjipe m the phj>iologicftl iielKin oecurruig 
nimultiuu-ousb Tlii'bark Confamsfn'C fmiiiadrt-cimshii, chf^s-ipltnruc 
Odd iukI an 

The total quantity of ozj'nwlliybuifljmquinoiic-* in {?«• l«irk 

oithor fns- or in the fonu of tlinmnouKkn Iws l>w-n fsutiuiiisi M I }s r rent, 
in oM brtik, 2 |»t cent in l«ark of «g»'. ond 3 S f*-r cent, m serj- 

>oUi*g}>ark. t ju»i»rtrisaful SIaed«T(1025)Ji*se I'Stlrtts',! from ihelmik albeit 
tl {yr tvnt- of an mnoq’hous gfytw«lc, ghjcofrarigiihn, whirb jwMs by 
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hydrolysis rhamnoso, dextrose and frangula*eniodin ; it ie more laxative 
than frangulm and, indeed, sufficiently laxative to account for the action 
of the dnig. 

The presence of emodin in the bark is readily demonstrated by hydrolys* 
ing the glycosides witli dilute suljAuric ocid, extracting with an organic 
solvent such as benzol, or carbon totrochlorido, separating the layer of 
organic solvent and slinking it with dilute solution of ammonia ; after 
separating, the ammoniacal layer has a roso-pink colour ; see also p. 320. 

Uses. Alder buckthorn bark has been used ns an agreeable laxative, 
preferable to cascara sagrada on accotmt of its loss disagreeable taste. 

Substitutes. Tho bark of R. camiolica Komer, is sometimes substituted 
for that of J?. Frangula ; tho cork contains a dull red, not crimson, 
colouring matter ; medullaiy rays four to seven instead of two to three 
cells wide ; rhytidomo, when present, contains groups of scleroids. 

The bark of Alnus gluiinosa Gaertnor, family Betulaceai, exhibits in 
transverse section a band of poricyclic sclerencbyma. 

The bark of R. cathartica Linn., is glossy reddish-brown and has very 
distinct lenticels j it contains frangula-cmodin togetherwith chrysophanol, 
rhamnosterm, a fluorescent body, rhamnofluorin and a glycoside, 
rhamnicosido, which yields on hydrolysis dextrose, xylose and crystalline 
rhamnicogenol (a derivative of oxymothylanthraquinone) ; rhamnicoside 
does not occur m R. frangula (Bridel, 1926). 

CINCHONA BARK. Cortex Cinchonse, Cinchona 

Sources and History. The genus Cinchona, family Hubiaceic, 
comprises numerous species, all of which are indigenous to South 
America, and grow on tho Andes extending from obout 10® N. latitude 
in western Venezuela, through New Granada, Ecuador, and Peru, to 
Bolivia, about 19® S. latitude, a total distance of about 2,000 miles. 
Throughout this region, upon the eastern slopes of tho main range and 
its spurs, over a width of thirty-eight to fifty miles, the trees occur at 
an altitude of about 5,000 to 7,000 ft. in the centrol region (Ecuador 
and N. Peru) and about 4,000 ft. in the north and in the south. The 


temperature ranging from 12" to 20® C. 

The natives of Peru and Bolivia appear to have been acquainted 
with the febrifuge properties of the bark of these trees and to have 
communicated their knowledge to the Jesuits and the early Spanish 
conquerors. The bark was brought to Spain, probably by the aid of 
the Jesuits, and became kno\vn as Countess bark, Jesuit’s bark, or 
Peruvian bark, and early in the eighteenth century the trade in it at 
Loxa (m Ecuador) had assumed considerable proportions. The first 
variety introduced was the bark of G, officinalis ; as the supply fell 
short, that of C. succirubra was exported. 

In the year 1736 an expedition was sent by the Paris Academy of 
Sciences to measure a degree of the earth’s circumference at the 
equator, and it was accompanied by tho botanist Jussieu, who found 
the trees, hitherto unknowm to science, that yielded cinchona bark. 
The botany of these trees was sub- - »’ • • i 

(1760), Ruiz and Pavon (177S-I788), ■' . . •■ ■ ■ 

The species of Cinchona yielding 
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C. Ledgeriana Moens and C. CaHeaya Weddell, both natives of Southern 
Peru and Bolivia and now grown m Java and in India, C. officinalis 
Linn , originally from Ecuador and Peru, now cultivated m India, 
C. succinibra, a native of Ecuador, now cultivated in India and on the 
Portuguese island of S. Thomd off the west coast of Africa. C. 
Ledgeriana is generally regarded as a hybrid between C. Cahsaya and 
C. micrantha, it yields the variety of cinchona known as Ledger bark 
Other hybrid cinchonas are largely grown, the best kno^vn being 
G. robusta, which is a hybrid between G. succirubra and C officinalis 
and also hybrids between C. Cahsaya and C succirubra, which are 
grown in Tanganyika Territory where the bark so produced is very 
rich in q^uinine. 

Cultivation, Collection and Preparation. The early bark collectors cut 
down the trees close to the ground and, after beating the trunk and larger 
branches to removo much of tho periderm, cut through the bark at regular 
intervals and removed it in pieces about 40 to 60 cm. by 10 to 12 cm. •, 
these were first exposed to the sun and then stacked m crossed layers to 
form a square pile and heavy stones placed on top, these processes bemg 
repeated for aoveral days xintil the bark was dry and largo flat pieces 
resulted. The bark from most of the branches was not deprived of 
periderm, but was stripped off and dried ui the sun to form large and small 
quills ; the diymg was sometimes done over a gentle fire m huts. A 
valuable and lucrative trade was established and between the years 1630 
and 1860 the increosmg demand for bark and the careless methods of 
collection resulted in so great a destruction of trees as to threaten the 
extmetion, in their native habitat, of the useful species of Cinchona 
Attempts were therefore made to obtain se^ or young plants for the 
cultivation of the trees in other coxintnes. The Indian Government alono 
was spending about £12,000 a year on qumine, and in 1859 Sir Clements 
MarkMrn was sent out to Peru and Bolivia and was successful in securmg 
seed of the more valuablo cinchonas. As a result of this expedition 
plantations were established m different p^te of India j 0 officinalis m 
the Nilgiris of southern India, 0. officinalis and <7. euceint&a m Madras, 
and C. Ledgeriana at Darjeeling m Sikkim. About the some time, in 
1864, Hasskarl, a botanist of Dusseldorf, was commissioned by the Dutch 
on a similar expedition to Callao and was successful m taking seeds and 
plants to Java, where the variety grown was chiefly 0. Ledgeriana. At the 
present tir po the Indian plantations supply the needs of India itself, but 
practically nothmg is exported ; the Dutch plantations in Java, where the 
soil and climate are specially suited to the cinchona trees, now supply 
about 90 per cent, of the world’s needs. 

For the cultivation of cinchona a piece of forest land, at a suitable 
elevation, is cleared, broad shelter-belts of trees being left on the ridges. 


clearing. Holes are made about a motre apart and the seedlings are 
transplanted in damp, cloudy weather during the rainy season. About the 
, • ' * •' ...j again 

, about 

from 

the stools shoots arise and coppicing is continued throughout the lite of the 
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plantfttioii. In tomo plantations, ospociivlly in Java, tlio mcflwl of 
uprootitig ” 1 -i wlojitnil instead of ** f ’*•“<’* * ■ ’ 

to grow to on ago of a^)oiit twelve year . ■ , 

rainy season when it separates most ■ 

Btoms Ls dried usually by tho boat of tbo sun. The pieces of bark are put 
into trays consisting of framed Imnllcs about 1 metro by 2 metres, and 
provision is mailo for sholtering them from min and from ilew at niglit. 
Sometimes the trays nro providoil with lutigeil covora of comigatcd iron 
wluch can bo closed over tiicin to form a sloping roof ami in other cases 
tho trap's are supiiortcd on five or si* stages attached to a shed with a 
corrugated iron roof and having a length equal to that of about fifteen 
trays. The stages project beyond tho shod to distances increasing from 
above dosvnwards by tho length of ono tray, and tho trap's, which aro 
provided with small wheels running on tails, can be moved out from tho 
shod along tbo stages, so that all ore fully exposed to tho sun and aro run 
back under cover when nocoRsarj*. Diymg by artificial heat is used on 
some plantations and sometimes artificial heat is usctl to complete tho 
drymg which hod been commoncc<l by the heat of tho sun. During tho 
drying, tho inner surface of tho bark, which is at first quite pale, changes 
to a brown or red colour, owing to changes taking place in tho taimin when 
exposed to the action of tho air. In Java tho bark intended for factorj' 
use IS stamped mto sacks and thereby roduceil to coarso powdor, but quills 
intended for use by pharmacists aro cut into standard lengths and carefully 
packed in cases. 


Description. General Charaefera. Although there are several varieties 
of cinchona, certain features arc common to them all. They vary in 
colour of the inner surface and of the fracture from tawny yellow to 
bro^vnish•^ed and the inner surface is longitudinally striated. Ester* 
nally they are more or less rough and of a greyish colour ; the fracture 
is short in the cork and cortex and shortly fibrous in the phloem. Tho 
taste IS bitter and more or less astringent. If tho bark in coarso 
powder is treated Avith Umo and extracted Avith alcohol, the alcoholic 
extract evaporated and the residue taken up with dilute acid, the 
liquid will give a white precipitate with ^layer’s reagent and, after 
neutralisation, a green colour with tho thnlleioquin reaction. 

Typical specimens of bark from the diflerent species of Cinchona 
shoAV well-marked characters by which they are readily identified, 
but barks from hybrid trees, large quantities of which are noAV sold, 
shoAV combinations of characters, although in some instances, such as 
ledger bark, the characters of ono parent species predominate. 

1. <7. Galisaya. Calisaya bark is one of tho A’arieties Iuigaati as 
“ yellow ” bark, a term which is applied to all cinchona barks exhibiting 


• , ' .so 

fibrous structure, the undulating course of the fibres often giving a 
wavy appearance to the bark. The outer surface is darker and marked 
with broad, shallow, longitudinal depressions, knOAvn as digital 
furroAS’s. These are caused by the exfoliation and removal of pieces of 
the'rhytidoma. 

(6) Quill calisaya. This Arariety is principally obtained' from 



C. officinalis 


O. succtrvbra 


Fio 21. Barka of four species of C»ndl««a All natural size. C lancifolia, 
showing patches of silvery cork. C. ealisaga. A, showing longitudinal 
furrows and transverso cracks; B, showing exfoliating outer bark. 
C. officinalis, showing lery numerous cracks with recurved edges 
C succiruhra. A, showing longitudinal wrinkles, B, showing reil worts 
and transverse cracks. (All after Gteomsh.) 
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plantations of G. Caltsai/a in Javn. It occurs in quills about 12 to 
25 mm. in diameter and 8Q cm. or nioro in length, fine npccimeas 
attaining CO cm. in length and 5 to 8 cm. in diameter. The outer 
surface is of a dull dark grey or dull brown niarkc<l with lighter, 
w'Jiitish patche.s ; it Ls rugged, and exhibits shallow, rather broad 
longitudinal furrows that arc frequently browiiLdi, and lienee, even if 
not deep, are easil}’ seen. Tmmverso crack.s, often across the entire 
width of the quill, occur at distances of aliout C to 12 mm. Tliis layer 
frequently exfoliates in patches, disclosing the dull yellowish-brown 
cortex, which bears imprc.ssioas corresponding to the cracks of the 
periderm The fractiiro is shortly fibrous ; the section cxliibits a 
narrow dark brown cork and broxvn cortex and phloem. Tlio taste is 
distinctly bitter and slightly astringent. 

2. C. Ledgenana This sjiecies juelds a liark that very closely 
resembles quill calisaya and is remarkable for its richnes.s in quinine, 
for which reason the tree is being oxleasivcly cultivateil in Java and 
also in India ; most of the " 3 *ellow' ” Ixark of commerce is Letiger bark, 
imported from Java. 

ilio transverse cracks of the outer surface are usually more numerous 
and less conspicuous than in quill caljsaya ; hence the b.ark is rougher 
than quill calisaya. Some pieces licar distinct longitudinal ridges and 
scattered reddish warts that recall t>q»leal rc<l liark (see below), but 
from this bark they are easily distingui.she<l by their colour and by 
their taste, which is bitter but not markedly rustringent. Sometimes 
the cork sho^vs a tendency to exfoliate ns it does in quill ealts.aya. 

Largo quantities of both calisaya and Ledger barks for fnetorj* 
purposes are importoil in coarse powder and can bo rccogni.sed chiefly 
bj' the tn^^ly yellow colour, the bitter and only slightly n.stringcnt 
taste and tJio shortly fibrous fracture. The two varictie.s, when in this 
condition, cannot be certainly disfingiilslwl. 

3. C. ojficinalis. The bark of this species, commercially knosvn as 
pale or erotrn ehicJiom bark, is obtnincil chiefly from India, although 
some ia imported from South America. It occurs in single or double 
quills onlj', and these are much narrower than those of calisaya, 
seldom exceeding 12 mm. in diameter, the bark itself being usually 
Ics.s than 1-5 mm. thick. Tlio outer surface is of a dull brown colour, 
and often has foliaccous lichems adhering to it. Tj'picnl pieces are 
marked w'ith numerous small traiLsvcrsc cracks often lc'«s than 0 mm. 
apart, in addition to which there ore numerous less prominent 
longitudinal cracks, all of which, but especially the transverse, have 
thickened and recurved edges, which impart to the bark a roughness 
to the touch that is characteristic. Tlio colour of the inner surface is 
usually yellowish-brown, and the tnstois bitter and slightly astringent. 

4. G. siiccintbra. Succirubra bark is characterised by a more or less 
distinct reddish colour, and i.s therefore usually kno^vn ns “ red bark ” ; 
it occurs in “flats” and “quills.” Tlio former are occasionally 
imported from South America ; the latter aro obtained from cultivated 
trees, principally in Java. 

(o) Flat red bark occurs in flattish pieces, often of considerable size, 
and attaining 20 mm. in thickness, thougli usually thinner ; in these 
respects it resembles flat calisaya, but it differs from that bark in 
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freqviently liaving the outer part attached , tlie latter as rugged, of a 
duskj', ferruginous^red colour, and marked ^t^th longitu^nal ridges of 
cork as m'cU as brighter red warts Tlie inner suriace has also a briek- 
red colour, and does not exhibifcthe wavy fibrous stnicturecbaracteristic 
of flat calisaya. The bark has a bitter and markedly astringent taste 
(b) Quill red bark. The quills raty in size, but are often about 



Fio S2 Bftrk of Ctnekona sweirubra A, tranaverso aectioa, Ut r&diaj 
lotigituduiaJ section, both x 75 oo. compaaton cell, cl, cork, 
cort, cortex ; cr, microcrystais of cftlcium oxalate ; /, fibre , mr , 
medullary ray , phloem parenchyma ; s secretion canal , tf, 

sieve-tube 

25 mra. in diameter. The outer surface is dull brounish-groy or 
reddish-brown and often bears numerous greyish licheiw , it is 
trrinkled longitudinally, the older pieces being marked with •vvnrts 
which are sometimes small and numerous or eometimes largo and 
scattered ; in the latter case they are either reddish in colour or oxlubit 
a reddish colour when broken Some pieces of the bark bear Riunll 
tranaveree cracks and reddish warts, the longitudinal wrinkles boine 
less pronounced ; the cracks have clean edges which ero not thickom'd. 
In thickness the bark varies from 2 to 4 ram. Tlie colour of the hiiu'r 
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sxirfaco of typical specimens is brownislwred, but that of the Interior 
of the hark is yellowish-liromi. TIic red colour is due to a change in 
the tannin of the bark, by which n reddish phlobaplieno i« producc<l. 
Branch bark ma}’ generally be distingtrinhod from trunk bark by being 
thinner, b}’ bearing more numerous ■wrinkk'a nnd small wart.s, and by 
’ ■ ’ The bark has a tnsto which is bitter and 

. ' ■■■. ■■■ lan that of pale or yellow bark. 

, ' . ' 'i ■ nchonn barks yielded by C. lanciJoUa 

(Columbian, Cartagena barks) occir *■'"**• •“ ’ •" ’ 

pieces ; they are usually more or 
brown in colour. They nro cnall* 

patches of silvery cork which nro to bo found on almost every piece.' 
Tho bark has an astringent bitterish taste. 

C. Boot bark is characterised by occurring in rather small curved or 
channelled pieces, somewhat irregular in shape. Licheas are absent 
and tho outer surfneo is mnrke<l by concboidal depressions, where the 
rhytidoma and cork have exfoUatetl. Tho colovir of tho outer and 
inner surfaces is similar and rcHcinbles the colour of the inner surface of 
the corresponding stem and branch barks. 

Histology. Tho lustolopy of tho stein-bark-s of all tlio cinchonas is 
clo«oly similar and a description of the stem-bark of O. $uceiniVrrt svill son'o 
as a tJTH?. Tho traiw<refiy<ut ttirface of succinibra bmneh-bark shows 
oxtenmlly a layer of cork, thou a narrow cortex limitesi internally by a row 
of ratbor distant secretion tubt's (tannin-tulies). Tlio rrmnindor and by 
far tho greater part of tho bark consists of phloem, aert>«s which nui 
numerous medullary raj’s ; in the phlo<*ro can be scon the cut cinls of tho 
abundant rather largo phloem fibres. Seo Fig. 22. 

Tlio cork consists ot numerous Inj'ors of tbin-walleil, flat, polj'gonal 
prisms, fillcsl with reddidi-broini masses. TIio cells of tho thin-woUc<t 
colluloso parenclijTna of tho cortex linvo reibbroim walls an<l contain 
small roundest starch grains about 2 to 0 to 10 to in diamotor; 
occasional colls nro filled with micro.ctyHlnIj»— mostly prt«ms about 
2 to Cn long or Y-slinpo<l groups — of cnienun oxnlnto } luvir tho Itmor 


30 to 60 to 95ii wide and 600 to 800 to 1,350^ long, thoj’ nroinostlj'solitaiy, 
occasionally in short radial rows of two to four fibres, Tho Riovo-tubes 
have tho end walls at right onglos to tbo axis, tho comjonent cells being 
about 200n long and 15 to 20^1 wido and having narrow comimnion-cells ; 
moat of tho siovo-tubos nro compressed anti collapsed. Tlio pliloom 
parenchyma consists of colls with thin, dark redtliah-brown wnlU ; somo 
of tho colls are filled with micro-prisms of calcium oxalate. Tho n\fdulUi7Tf 
rays are from ono- to tlirco-soriato. Scloroitla nro absent, a featuro which 
distinguishes cinchona from cuproa bark, tlori\’od from Jtemijia peduneulala 
and B. Purieana, which contains sclcroids. O. lancifoUa bark also contains 
sclercids. 

Attempts have boon mado to distinguish tho difforont species of 
Oinchona by tho dimonsions of tho phloom fibres, but conclusions based on 
theso measurements must be received with caution. 

Constituents. About thirty alkaloids have been reported as occurring 
in cinchona barks ; many of these are crj-stallino, hut some are 
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morpljoos and it is questionaWo whether some of them are rcaUy 
•resent in the bark or may have been produced from other alkaloids 
Uinng the process of extraction *1110 four most important alkaloids 
iro quimno, cinchonidine, cinchonine and quinidino ; thrae next in 
raportanco are hydroqmnine, hydrocinchonuHne, qumiamine, cincho* 
:ine and homocinchomdine. The alkaloids ore combmed with a 
taimm, named cinchotanmc acid, and are located, according to do 
Vrij, chiefly in the parenchymatous tissues. Other constituents aro a 
bitter amorphous glycoaido, quinovin ; a crj’stalUne acid, qnmic or 
kinic acid ; starch and calcium oxalate. 

Tlio amount of total alkaloid present in cuichono barks la subject to 
great vannbon. QuiHcd rod bark from Imbn averages about C-5 percent. ; 
that from Java la richer, yioltiing about 8 25 per cent. Ctihsaya quills 
nfforrl about C or 7 per cent, and palo bark about 0 per cent. Ixxlger bark 
from Java is the ridicst of all, yielding from 6 to 10 per cent, or oven moro 
of total alkaloid. Rool-batk ts tho nebeat, and stem-bark is nchor than 
branch-bark. Tlio relative value of a bark is, liowovor, usually determined 
by tho proportion of quinine it contnute, but bark in haitcUomo quiUs 
realises a price not altogether consistent wjth tho amount of qnmino d 
contiuns. 

Quinine was fir«l isolated by Pollotier and Caventou in 1820, after 
Gomez in 18U had produced from cinchona a crj-stallino corobinatJon of 
quinmo and emebonine It occurs m tho largest proportion in Ledger bark, 
Gio highest rocordod yield being 14 6 por cont. This, however, is quite 
excoptionaf, tho quuuno in oormoorcinl Ledger bark averaging from 3*0 to 
S'O per cent. Bolivian cultivated calisaj-a contains from 3 0 to 4-0, and 
cultivated palo bark obout 3 0 por cont. Indian rwl bark contains obout 
1'5 por cent, of quuuno, but tliat from Java is nchor, attaining as much 
os & por cent. 

Cinchonine a found m amall quantity in most of tbo cinchona barks, 
eapocially that of 0. tanct/oluii it la frequently moro abundant in tho 
root-bark than m tho stcra-bark. 

Qulnidine, discovered by Henry and Belondro «» 1833, seldom oxcoeiJa 
0-5 por cont. in any bark { it occurs chiefly iii certain varieties of C. 
Calhaya and ui the root-bark of C. succirw&ro, 

Cinchonidine, isolated m 1847 by AVmckler, la found more generally 
distributed and in larger proportion thon quuviduio. The cultivated rod 
bark exported from India contauie as a rule moro cinchorvidmo than 
quinmo, from 3 to 4 per cent, bouig frequently present. 

Cinchotannic acid is a pldobatanniti end by oxidation it rapidly yields a 
dark-coloured phlobapboiio, known as cinchona-rocl. 

Qainefnm is a mixture of the cijstalUsablo alkaloids of cinchona and 
has been definetl by tho Malana Commission of tho Loogiio of Nations, 
1931, oa a mixturo of oqufti parts of quinine, cmohonidtno and cinchonine. 
Cinchona Febriluge is tlio residue of alkaloids loft after removal of tho bulk 
of the qumino from tho total alkaloids of those barks used for tho monu- 
fftcturo of quinine sulphate Totaqnina is defined as a mixture of alkaloids 
from tho bark of O. auccirubra, V. njbutta imd other suitable epocies of 
Oipchona and it must contam not less than 70 por cent, of crystallisablo 
cinchona alkaloids, of which not less tlion one-fifth is quinine 

Uses. The cinchona barks are given chiefly os bitter stomachics and 
tomes The amount of taraun contained m them indicates their use 
when an astringent effect also is dcsiicd. 

Substitutes. Cuprea Bark , the bark of Bemijta pedunculala 
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Triana, and R. Ptirdieana Triana, family Rubiacea;, from Columbia ; 
coppery red, dense, very hard with a granular and splintery fracture ; 
contains quinine, cuprcino, quinidinc, cinclionine, and cinchonamine ; 
not now in commerce. 

Various species of CascariUa, Exoslemma and Stenosioma ; these 
barJjs contain none of the cinchona alkaloids. . 

WITCH-HAZEL BABK. Cortex Hamamelidis 

Sources. Tlio witch ha 2 el, HamameUs n'r^miana Linn., family 
Hamamelidacea), is a common shrub in tlio United States and Canada. 
It attains a height of about 3 metres and rosombles the common hazel 
both m its leaves and m yielding an ocliblo seed. Tho bark should bo 
collected in the spring. 

Description. Witch-hazel bark occurs in thin channelled pieces of a 
plnklsh-b^o^vn colour, occasionally ns much ns 16 or 20 cm. long and 2‘5 
cm. wide, but usually much smaller. Tliey are somotimes covered with an 
ash-grey smooth cork which in older pieces becomes darker in colour, 
fiasured, and scaly. Tho inner surface is pale roddtsh-pink in colour and 
finely striated longitudinally ; small portions of white wood, which are 
soon m transvorso section to bo <lense and traversed by numerous tliin 
modullarj’ rays, are frequently found lulhoring to it. The fracture is 
short in tho cork and cortex, but fibrous and laminated in tho phloem, due 
to its containing numerous tangontially elongated groups of phloem 
fibres. Tho smoothed transversely cut surface shows a dark narrow 
cortex and a pale tangential lino of poricyclic scloroids soparoting this 
from the phloem. In many of tho pieces tho cork and much of tlio cortex 
_ liavo been romove<l, and tho ring of sclerckls may then form a nearly 
’ smooth outer layer. Odour nono ; ta-sto astringent and slightly bitter. 

Histology. The cork is thin walled ; the 'cortex consists of cellulosio 
parenchyma containing a few small starch grains and an occasional cell 
with a prism of calcium oxalate. The pertcych forms a band fi%’o or six 
cells wide of evenly' thickened scloroids with small groups of poricyclic 
fibres at intervals on its outer margin. Tho phloem contains tangential 
bands of lignifled phloem fibres liavmg a cry.stol-slioath with prisms of 
calcium oxalate , tho phloem paronchymo is arranged on tho inner and 
outer sides of tho tangential bands of siovo-tubos, tho whole alternating 
with the bands of phloem fibres ; groups of scloreids aro present in the 
outer part of the phloem. Tho mcduHary rays aro imisoriato. 

Constituents. The bark contains about 6 per cent, of tannin, part of 
which, hamamohtannm, is crystalline and part amorphous ; gallic acid is 
also present (Gruttnor, 18Q8). 

Uses. It 18 astrmgont and lucmostatic, and is used in hicmorrhages 
from the nose, Jungs, rectum, or uterus. 

QUILLAIA BABK. Panama Wood, Soap Bark, Cortex Quillaise, 
Quillaia 

Sources and History. Quillaia bark, or soap bark, is obtained from 
Quillaja Sapaharia Jlolina, family Rosaceai, a largo tree indigenous 
to Chili and Pe:^{i and from other species of Quillaia. The bark, which 
is called “ cullay^” by the natives and has apparently been long used 
by them for washing silk and wool, was known to Europeans in the 
early part of the ei',?hteenth century, but was not regularly imported 
until about 1857, wh.en it was sent to Rranco under the name of “ Bois 
de Panama,” the nan^e indicating the route by which it was sent. It 
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Tile outer surface is pale brownish- or yellowish-wWto, longitudinally 
striated and streaked with reddish-brown where the rhjiidome has 
been imperfectly removed. Sometimes, from insufficient trimming, 
the bark is of a uniform dark dull red colour and bears patches of the 
rb 3 didome still adhering to it. The inner surface is smooth, white or 
yellowish-white and very hard. 

The fracture is splintery and tho fractured surface separates into 
thin plates or laminm. On tho freshly fractured laminated surfaces 
and also on the smooth inner surface of tho bark, minute, glittering 
points (crystals of calcium oxalate) can be seen, sometimes in consider- 
able number, with tho naked eye, or better with a Jens. 

The transverse section is traversed by tangential and radial lines, 
which give it a c'’'*"*"*'* ; **—*--—*•*••-*’•- ■ - •< t 

bands of phloem 

rays, the darker ’ i 


prolonged fits of sneezing ; tho taste is acrid and unpleasant. 

Other Quillaia Barhe. A quillaia bark differing from the foregoing , 
in being thinner and in having "a distinctly reticulated outer layer is 
imported ; its botanical origin is said to bo Q. Poeppigii Walp, 
Another variety in quills 7 to 15 cm. long, I to 2-5 cm. wide and about 
3 mm. thick, softer and not laminated, has been referred to Q. 
Smegmadermos de Candolle. 

r«i , . ... phloem, 

phloem 

■ • • ’ each of 

Is. Tho 

secondary phloem consists of tangontial bands of siovo-tubes and paren- 
chyma aUomatmg with bands ot phloem fibres, from eight to fiftpon fibres 
wide. Tho sieve-tubes are 20 to 30(i wide and have companion cells ; 
their transverse walls oro oblique with sevom! stevo-areas and tlioro nro 
some Biove-orcas also on the r^ial walls. Tho fibres are often chaiac- 
teristically knotted and bent and somotimes forke<l at tho ond ; they aro 
hgnified and oro 20 to 50^ wide and 600 to 1,000^ long. Tlio phloem 


present, or five or six smaller prisms m a single coll or a coll may bo fiUocl 
with micro-crystals. Voiy occasional scloroids occur amongst tho fibres or 
ari . *1 rni . »»-_ . , • , » • - 4.soriato 

^ ' ' oxalato aro 

P ■ • ■ up of fibres. 

■ thm-wallod 


cells. 
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Constituents. Tho principal constitucntR of quillaia bark nro two 
colourless, nmorphoua, toxic glycosidca, quillajlc acid and quilhia- 
eapotoxin. Both of these aulwtances impart to ■water the property of 
frothing, and possess other cljaracters common to the class of substances 
knoivn as “saponins.” The drag also contains sucrose, starch and 
c<alcium oxalate. 

Commercial saponin is usually obtamci} from quillaia bark, an<l is a 
mixture of qiullajic neul, quiilnia>8apotoxin, and frequently also a non* 
toxic modjfication of quillajic acid prmUiceil during tlio pro|>arntion ; as 
tho torm sayionm lias bocomo a generic one, a prefix fo indicato the Rourco 
would bo desirable. 

Quillapc acid, C|«H}gOje, has boon obtained ok ft colourloss nmorphou-s 
powdor winch is BtrongJy Rlomufivfory. TIio aqueous solution is acid and 
lins fin oend taste Boded with n mmeral acid it yields quillftia*snpogomn, 
galfictoso, and another which is noii-formontftbJo ond dextrorotatory. 

Quillam-sapotoxln, ia ulso wbito, omorphous, Btonmtatorj*, 

amJ nend. 

Uses. Qmllaia bark ha.s been recommended ns a Btimulnnt and 
expectorant, but has not mot witli much favour. A tincture is often 
used as a means of emulsifying taw, olo. 

BALLS. GaUa, Blue Galls, Aleppo Galls 
Sources, etc. Galls are pathological outgrowths formed on tljo twigs 
of tho Dyer’s oak, Quercus tnfeeforia Olivier, family Fagaccio. Tlieso 
oxoresccnces arise in consequence of tho deposition of an egg by a stnaU 
hymenoptorous insect, Cfjnipi gaU<t4inciona Hartig, family Qidpidffl, 
often known as tho galbwasp. 

On emerging from tho egg, tho grub pierces tho iloheato epulormis near 
tho growing-point of tJio twig, wJiorc* the egg was dejiosited, mid a Bocrotion 
from its jftws stimulateH a rapul growth of tissue which quickly envelops 
tho grub nn<i forms a spherical oxcrescenco. If tlie egg fails to hatch, no 
gall is produced and if tho lar\'n <hos, the growth of tho gall coasos. Tho 
grub develops ai tho centre of tho gnll, elmngoa into a pupa and finally 
the imago, ot perfect insect, emerges from tho pupa an<l bores a tunnel 
about 2 to 2*6 mm. in <liamotor to tho outaido of tho gall and csoapos as a 
email fout-winged flying insect. The eggs am fnul m Biiring or early 
Bvunmor and tho insect escapes aftov five to six months. 

These galls arc collected, before the eacapo of the insect, in Asiatic 
Turkey in August and September and are exported from Aleppo ; they 
are therefore commonly known as Turkey, Aleppo or Levant galls. 

Description. Galls arc sub-spberical and about 12 to 20 nun. in 
diameter. E.xtemnlly they are bluLsh-green or olive-green in colour — • 
honco tlso namo blue galls — and nro palo buff coloured mthin. Tho 
central region, about 5 to 7 mm. in diameter, is separated from the 
outer part by a layer of sclcrcnchyma. "Within tho sclercncliyma tho 
cells contain proteins and abundtuit starch, upon which tho larva feeda 
until it enters upon the resting atago and becomes a pupa. At the 
centre of the gall one may therefore find tlio insect as either larva, 
pupa or imago. The imago, which is about C-O mm. long and has 
four membranous wings, is gometuncs found just beneath the outer 
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urface in the end ol the tunnel it has bored. The outer part of 
;aU i, rtout 6 5 to C mm. .ride and con^B 

aimin. Galls arc iard and sink m watw, ifhich they readily a^rb, 

>ecomin» enlarged and softened. On the surface fJfetaUy of the 

iplcal hemispitte there are about ten to smnU 

projections , the basal haU k often smooth The average » 

y is about 3'8 g. with a range of from 8- Galls have no 

^our . they have an astringent taste, followed by a gensation of 

sweetness 

Euloloey. The epidernus ruptures early and is replaced by a nv^em 
composed of one or two layers of subens^ cells i the region outside tho 
eclerenchyma is composed of numerous layer* o/ parencnjmw, the ceils of 
tho outennosfc being smaller and containing chloroplasts ; the cells of the 
middle and inner layers are larger, borng also somewhat radially elonpt^ 
towards the solorenchjTna, Tho csellulosic walls hav© large os’al simple 
pits and most of the cells contain several thin irregular transparent jJ/iUs 
of tannin : other cells, often m ladial rows, contain either prbnM or 
cluster erj'Stals of calcium oxalate. Occasional small vascular strands are 
present. Tho selefencftymo consists of three to five layers of ligniiiod 
sclereida without mtetcellular spaces and occasionally containing cluster 
cij-stals of calcium oxalate. The inner parcncliyma within tho aclereidi 
contaaiB starch grams obout 15 to ZOp in diameter, a little fixed oil and 
brown globular or concretvonaiy masses which give a red colour with 
phloroglucin and hj’drochlonc acid and are knovm as fi^in bedia. At 
tiie centre is the insect in one of tho three later stages of its metamorphoii^, 

CoastUuenta. Galls contain as principal constituent from CO to 
70 per cent of tannin, which jnel^ gellolarmic acid. They contain 
also a httle gallic acid (2 to 4 per cent.), eUagic acid, ci-clo^IlinJiaric 
acid, sugar and starch 

OsUotannic acid, the “ tannic acid of commerce, is a pale yellow 
amorphous substance yieldmg bluUh-blaek precipitates with eolatjoai 
of feme salts Its aqueous solution darkens when exposed to the air 
'rith simultaneous formation of galhc acid, C;H,Oj,H.O and soraetim«, 
also of ellagic acid, C„H 40 «, 2 H. 0 . ’ • - na sometimes 

Uses, GalU are usvd meiUcinally as a local astringent eWeflv in 
the form of a supposttoty or omtnicnt. They End ca<-m\Z 
BWhMioi. tetaucally m tamting and dyeing, i„ the laanutarfo^fof 

^er GaDs. TTfcUc yaU* are the galls collected aft^ * 1 , 
gal -weap ; t j„.j. rather larger than tho “ blue ” patb i 

m colour. They are Jess estwmll 
wnten callotannic acid, which, however doejl 
oiixar always to b^- the ca«;e. ' ff&m sitalyw.* 

•VoTffln y^uu or CVoim gaOs arc fonned hv r..^- 

c-WM Linn and come from aSS ‘^C'ymp, ^ 

1«IC. r.,nv.whal um^diapcd Ik in« u,/ 
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iro pmUicod, llio iattur flying mvivy, after imptegiiatfon. Tiie gnflsjaro of 
I very irregularly lobod sbapo, icildi^liobiown m colour, lioHow and covered 
vith a thick, groy. velvety <lowu; each coiifainH the dnctl hoiliea of 
lumcrous eplucleH. They aro largely w^edin the manwfactiiro of gallotomiic 
icid, of which they contain about 70 x>cr cent. 

Hun(janan galls mo produced G, Jignteola on Q, Jtobur Linn. ; 
Sitssorah galls by C. tnaana on Q. tn/cctona OEivior. 


CHAPTER ^ 

I^AVES 

Leaves ate appendages to the Btem, which show a great variety of 
oxtcmtvl form and this fact make® it difficult to formulate a definition 
which is applicahlo to all leaves- There are, however, two features 
which are constant, viz., leaves jioaseaa neither nodes nor intemodes 
and branches arise in their axik. In the great majority of plants, 
leaves may be recognised, in addition, by four well-marked characters : 
(1) Their flattened form, (2) their thinness, (3) the presence of chloro- 
phyll, (4) the presence of supporting and conducting strands — the 
veins. 

The expanded blade or lamina is not always the whole of the leaf ; 
fretiuently the blade is attached to tho stem by a stalk — the petiole ; 

‘ •• * commerce are 

ndi and senna 

j • . • searching for 

specimens attached to an axis and a few of these can Usually be found. 
Havine found an axis, two points are to bo noted ; first examine the 
angle, known as tho between the leaf and the axis, where a bud 
or branch is present m the case of a leaf, but is absent when the 
structure is a leafiet. Secondly, note the arrangement of tho lanunm 
and the planes in which they lie. If the plant-members in question 
ace leaflets, they are attached m pahs and their laminse all lie in one 
plane, whereas in tho case of leaves, the arrangement is spiral and 
the laminaj are in diSerent planes. Another feature of leaflets is that 
the blade is nearly always unsymraetrical, unless there is a terminal 
leaflet, which is symmetrical If senna is examined two kinds o! 
leaflets in equal numbers will be found, one type having the left-hand 
portion of the lamina smaller and the other having the right-hand 
portion smaller , this condition indii^tes a pari-pinnate leaf. Jaborandi 
consists of two types of asymmetric leaflet in equal numbers and a 
third type of leaflet which is symmetrical and is present m a smaller 
number , this condition indicates an imparipinnate leaf and the 
number of symmetrical leaflets in the sample is the number of leaves 
pprio.,.-* T-..— -—-t. which have 

ur « 

.... ^..0 flowers are 



K'.i\L“s collected m wet weather <lcteriorato in quality and are apt to 
become discoloured during drying. 

The time of collection is sometimes varied for special reasons , for 
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example, for the more highly prized varieties of tea, the leaves are 
collected when still unfolded in the bud ; cherrylaurel leaves are * 
gathered while still young, but fully formed and in the first year of 
their duration ; coca leaves are collected when they are nearly ready 
to fall from the stem ; bearbcrry leaves may bo collected at any time 
of the year, the time chosen being usually September or October. 

The method of collection differs widely for different drugs. In 


leaves ate lemuveu inaiviuuuiiy xioiu ihe piunt ; in uuiiceimg senna, 
the entire plants are cut down and the leaves are picked off after 
drying the plants in the sun ; in the case of buchu, the leafy stems are 
cut off and dried, after which the leaves aro removed by beating the 
heaped twigs with a flexible rod ; belladonna, hyoscyamus and 
stramonium aro collected by cutting down the flowering tops and 
drying the leaves on the stems with the flowers and young fruits 
without further treatment As a result of the variations in treatment 
during collection and also to some extent during packing, the condition 
in which leaves occur as drugs varies considerably and is often 
characteristic, thus they may be fresh as for cherrylaurel or they may 
be dry and whole or broken or shrivelled or flat or matted, etc. 

leaves must be dried carefully so as to retain their fresh green colour 
and prevent the decomposition of the active constituents. The 
important factors are to use as low a temperature as possible and to 
carry out the operation as rapidly as possible. Drjdng out o! doors 
is hardly ever possible in Britain, but in tropical and 8ub*tropical 
countries such a method is practicable and is commonly used for 
drying senna, a leaf which is not injured by direct exposure to the light 
and heat of the sun. Ordinarily leaves should bo protected from direct 
sunlight and be taken under cover at night ; an indigenous leaf 
commonly dried in the open is bearbcrry. Drying in sheds at the air 
temperature is frequently adopted, especially for leaves containing 
essential oil. Buchu leaves, for example, arc dried by spreading the 
leafy twigs in a thick layer on the floors of sheds with corrugated iron 
roofs. HamameVis leaves are usually spread on trays stacked upon 
supports about 10 in. apart in small shc^ about 6 ft. high and having 
sloping roofs of corrugated iron, the sides being open to allow a free 
passage of air. An attic or loft over a bam is frequently used for 
drying leaves such as peppermint, spearmint, thyme, sage and similar 
herbs, which are tied in bundles by their lower stalks and suspended 
from the beams so that the air moving freely through the loft dries 
off the moisture with a minimum loss of volatile oil. Belladonna is 
sometimes dried in a similar way, but it is better to use artificial heat 
for this and similar drugs. Drying in specially constructed heated 
sheds or drying chambers is now one of the common methods of drying 
leaves. The great advantage of this method is that the producer has 
complete control of the conditions and is unhampered by difficulties 
arising from changes in the weather, For this purpose a shed is 
constructed with openings in the upper part of the walls or in the roof 
for the exit of the moist warm air and inlets for fresh air near the 
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floor, adjacent to wliicli the heating apparatus is placed. Heat is 
supplied either by stoves or more commonly by hot-water pipes. 
Withm such a shed a staging is constructed of wooden uprights haying 
shelves of coarse wire netting 8pace<l about 10 to 12 in. apart in a 
vertical direction ; upon these, the leaves are placed on pieces of 
canvas, which can be removed as the leav<^ become d^ and replaced 
by others with fresh leaves. In other cases the staging is arranged 
to take trays about 3 ft. by 2 ft. having a wire-netting base ; the leaves 
are spread, preferably in a single layer lower surface uppermost, upon 
canvas sheets laid upon the wire netting. Between the stages of 
shelves, gangways are provided along which the attendant can pass to 
remove and replace the leaves. \ As the leaves become dry, they are 
moved downwards on to the lower stages and fresh leaves are placed 



upon the uppermost stage, so that the moisture given off from the 
fresh leaves may not dampen the already partially dried leaves ; see 
Fig. 23. 

Other arrangements consist of chambers into which a large stand 
with shelves for the leaves can be run on wheels moving on rails and 
heated air is either drawn or forced over the shelves from back to 
front of the chamber by means of a fan and drying is quickly effected, 
see Fig. 25 The temperature used is about 60° to 60° C ^120° to 
140° F.). Some drug firms use vacuum ovens for drying leaves such as 
digitalis which are very rapidly and efficiently dried by this means. 

Leaves are most commonly packed in sacks or bales ; buchu and 
Alexandrian senna are packed loose, without pressing, in sacks ; 
Indian senna is packed in bales and subjected to hydraulic pressure, 
giving very hard, large rectangular packages about 6 ft. long and 3 ft. 
square at the ends. Coca and tea are usually packed in lead-lined 
wooden cases, slight pressure being used. Storage of dried leaves 
should be in a cool dry place, protect^ from the light ; before packing 
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netting and the drug spread upon it. 
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they are commonly stored loose in barrels or sacks in the drying rooms. 
Storage conditions applicable in particular cases are disctis<’cd under 
the individual leaves. 

Histology of Leaves. Leaves being developotl a!» outgrowths from the 
stem posse'is the same three tiasuo systems as are found in stems, namely, 
the epidermal, cortical and stelar systems. Tho epidermis, m its general 
features, resembles that of other members of tlio plant ; tho cortical 


of the stem and is tho tissue derived from tho dormatogen of the growing 
pomt. Usually it consists of a single layer of cells, but may become 
many-layored as a result of poriclmal division ; such many-layered 
epidermises are seen in Piper Detle (Betel leaf), Piper angustijolium 
(Matico) and Ficus elastica (Indian rubber plant). A many-layered 
epidermis often acts as water storage tissue os in Piper Belle and the inner 
layer is often described as a hj^dermis, although a true hypodcnnis is 
formed from the cortical tissue — tho mesophyll — and not from the 
’ * * /pes of hypodermis cannot bo 

• ’podermis may be conveniently 

abular or lenticular and show 
^ ^ , except where the pores of tlie 

stomata occur. Tho anticlmal walls are often straight as in senna and 


length and breadth 5 in many monocotyledons, which have long, narrow 
leaves, the cells are axially elongated and in grasses dwarf cells alternate 
with others which are many times their length. More rarely groups of 
smaller cells occur hero and there in an epidomiis os in Piper Beth, Tho 
outer walls of epidermal cells are usually difforentiated into layers ; 
externally is a layer which reacts to the stains for fats and is quite 
impervious to water j this is the cuticle. Within the cuticle the wall is 
composed of cellulose and when the wall is of considerable thickness, 
struB are often visible in its substance. The cuticle of Agave has been 
chemically exammed (Lee and Wheeler, 1025) ond shown to contain 
(I) water-soluble material 10 percent., (2) woay material soluble in alcohol, 
benzene ond chloroform 16 per cent., (3) cellulose soluble in cuprommonia 
14 per cent., and (4) a residue — cutin — CO per cent. This purified cutin is 
the characteristic constituent of cuticlo ; it is regarded (Priestley, 1921) 
as an aggregate of modified — condensed or oxygenated — forms of fatty 
acids, known as tho cutinogenic acids. After havmg diffused olong the 
walls of tho xmderlying tissues, those fotty acids appear on the outer 
surface of the epidermis and there undergo changes into cutin. Four 
acids, two semi-liquid and two solid, have been isolated from cutin by 
saponifying it with alcoholic caustic potash and these acids are closely 
similar to those obtained from the suberin of cork. Cuticle responds to 
the tests which have been enumerated for cork (see p. 05). Cuticle is 
frequently thrown mto slight ridges on its outer surface and so gives 
rise to the appearance of striations upon the epidermis when seen in 
surface view ; this is well exemplified in belladonna and in Ailanl/ius. 
See Fig. 29. 

Thickenings also sometimes occur on the onticlinal walls and give 
important characters to tho epidermal cells. For example. Digitalis lutea 
has thickenings on these walls m the angles of the undulations, giving rise 
in surface view to the appearance of a bead in tho apex of each angle. 
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Digilalis lanata has numerous bars of thi^fflaing \nth long oval pits between 
them and these are visible In surface view as rows of beads on the walls. 
Digitalis purpurea has no euch thidrenings and the three loaves can 
theroforo bo distmguwhecl by this means. 

Epidermal cells ato somotimes estwided outwards in domo-ahaped or 
somWhat conical projections which are termed papillee, the epidermis 
being named papillose. *11113 feoturo occurs most frequently on the 
under surface as in coca loas'ea and in dog senna, Caesia oboveta. A similar 
(oaturo w moro rarely exhibited by cells of the upper epidermis as ux the 
leaves of Lobelia infiala and on klip buchu, Adenandra fragrans. Seen in 
aurfaco view popillai give tho appearance of a circle m tho centre of the 
lumon of each coll. See Fig. 34 JP, 

An elongated tubular outgrowth of an epidermal cell is termed a 
trichome or plant-hair { a trichomo thcroforo consists of two parts, tho 
portion embedded in tho epidermis and termed the foot, and tho free 
projecting portion named tho body. The occurrence and form of trichomes 
are \-oiy valuable anatomical characters for tho identification of leaves. 
They may be abscof as m tho caso of such giaoroua leaves as nio, savin, 
coca, hemlock and convallana, or they may bo of tare occurrence os in 
buchu, boarborry, henna and mat6 Many leaves possoea trichomos in more 
or Jcia abundanco and three types can bo recognised ; these are t (I) 
covering trichomes, (2) glandular trichomes, and (3) hydathodes and other 
special tj*pos. In each of these groups then? is n wide variety of form. 
CoT€ting Irichome* may bo unicellular or piuricollular. Examples of 
unicellular cowring trichomes oro tho linear, strongly waved, thick>walled 
trichomes of yorba santn. EriodUtgon ca^^fomieum ; the linear, thick-walled 
and warty trichornc-» of damiona, Tumera dijfu-aa ; the short, confeat 
trichomes of tea and buchu 5 tho short, conical and warty trichomes of 
ponna; the largo conical anil longitudinally striatcrl tricliomos of Lobelia 
injiaia. riuriccUular trichomes moy bo unbranched or bronchi. IJn- 
brnnchid, unwenato conical tnchoroes «ro found m digitalis, usually three 
to four cells long, m strsmomum, usually threo colls long and in belladonna, 
usually four to five cells long, multmriato tnchomes are found in 
euphorbia piluhfom and m malo fern, whero tho raraontnm is of tlio nature 
of ft tnchome. Bmnclicd plunccHular tncliomoa may bo etollate os in 
• hftroamehs anil aJlhtoa Icnvoa ; this typo is somotmies dosenbod os n 
nwliAting group of uniecllular cortical IricbomeB A second form is found 
in tho h-nf of Elcagnuf, where the tnebomo has a short stnik Surmounted 
by n plftto-liko orningcmont of unitwl rtubatmg cell? and is terraod peltate 
from Its resemblance to r sluetd Another kind of tnebomo consists of a 
centnil uni-^'niite nxi-«, from which swlo bmnehew amo ot tb© position of 
tho cross.wftlN between the cell* of tho nxj* ond w tuuncil a candelabra 
trichomi' : such tnchoines oro found in mullein and m tho piano tree. 

Umcellulrtr glandular trichomes .»re not common , they occur, for 
example, on the leftves of Viper DtUe amt aro termed pearl glands Similar 
glands aro found on tin* margin* of (ho foment um of A»pidnnn»pmMio*um, 
thn rhiiome of which cl<i«'ly n-ecmblen that of male fern and may ho 
ilwtinsruidKsl h> the prcM-nw of those glands on tho ramenta. Most 
glAiKluhir tnehomes Are pluriecHiiW, tho wmplwt tjqio liftving a imisenato 
*tnlW with ft single Kpherical wreting cell ot the. opex ; in Digiiati* 
purpurea n f<-vr such tnchomes linvn a unicellular etolk, m DtsitalU Thonti 
thn Math IS nvujiiiy thn>v to four-crlMl j bellafloima loa\vs al*o boar 
similar tnch«nv- Mmi gfaiidnUr (rtclwm*-* of I), purpurea liave a 
unir. Uular stalk and a Inc-nwlar Ii«wl In Iienbaim Hie stalk w iimst'nalo 
and iU- -so tmg h-sul ..x.ud iumI i.l«rKs.Jhdar Tlwi gWhdir rncWtui 
eMtart* n-lic of thn <’..mjhn.ita. )uis a short l.i..Tiat<s ..talk and a bis,.f,At„ 
. s-rriting Iwwl of alsiui two tmre. a« found in tfw bract* of iwmtoruca. In 
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walls of tho cells beneath the cuticIOf which is raised to form a delicate 
bladdery envelope enclosing tho oil or oloo>rosin. 

A loaf bearing trichomes of a special type is Piper Belle, whore some 
tnehomos ore developed ns hydftthodos or organs for tho absorption or 
secretion of water. 

Frequently, in dried louvos, many of tho trichomes have fallen or been 
rubbed off, leaving a scar or dcatriz» which is usually surroimdcd by 
epidermal cells showmg a charactoristic mmngemont, often radiating from 
the cicatrix ; this is well seen in senna and etrnrooniiun. 

Stomata aro another typo of opidermnl stnicturo possessing great 
diagnostio value. A stoma consists of two similar colls, tho guard-coils, 

placed . .V ■*. - . 

the por > . . . • • 

tho sire . • • • • -* . ■ ■ . 

orescon ■ . * . ‘ j, . 

During the formation of n stoma, tho colls cut off from tho mothor-cell 
often acquire a shape and sizo diHoring from those of tho other opidormal 
colls and ore thoroforo termed tho subsidiary colls. 

Tho appearance of stomata in trartsvorso sections of leaves varies widely 
according to tho direction in which tho section passes through tho stoma. 



stramonium and belladonna they Ho in the same level. These features are 
illustrated luidor Savin, p. 207, and BoIIadonnn, p. 282. 

Stomata with one or both pjnrd-colla partially or entirely collapsed 
occur m small numbers in tho loaves of stramonium and of belladonna and 
in considerable numbers in Datura Metel. These modified stomata may be 
described as half stomata and collopsed stomata respectively. Another 
kind of modified stoma is known as a water^pore. Those ere points of exit 
for excreted drops of water, which may sometimes hold calcium carbonate 
in solution. In oppearance and structure a wator-poro resembles a stoma, 
but the guard-cells are immovable. They occur upon the teeth of the 
margin of the leaf and either on tho extreme edge between the two 
surfaces or, more commonly, on the upper surface, and they are placed 
over tho end of a vascular bundle. About ten to twelve such pores are 
found on each tooth of the raargm of the loaves of Lobelia inflata and one 
or very rarely two large pores are present on many of the marginal teeth 
of Digitalis purpurea. Another indigenous plant, sometimes used medicin- 
ally, having water pores is Alchemtlla vulgaris, the Lady’s mantle. 

Occurrence ot Stomata, Stomata are entirely absent from submerged 
leaves of aquatic plants, such as Elodea canadensis, the American water- 
weed and from the leaves of all Bryophytes. Tho leaves of ordinary land 
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nl«nt« ro«i-« s(orool« wliich v»ty in their dulnbution. Tlicy mnj- bo 
iircvnt 111 oxcpptiona! cftscH oii tlw uj^wf surface only, ns in vlTnnvopntw 
arvtkiinaffft. flio Slarnim grawt, and on the (loatirig leaves of plants such ns 
tho waler-hJy. In many coriaceous leaves, such ns chonySanrel. mntd. 
COCA anti rowmniy, they aro prcMjnt on tiio lower surface only. In a few 
instances stomata occur in about equal numbere on the upper ami lower 
surfftccK iw in senna ami inistleto© and goneralJy speaking on leaves having 
t ! m larnmft in a vertical jnstfwl of tlio moto usual horizontal piano, tastly, 
tlipy mny bo pn-sent in fairly la^o numbers^ but more numoroiw on tlio 
lower tluin tlio upper surface; thU w a cwKlition fount! in most of the 
thinner leavto of herbaceous plants, especially ahado plants, such tts 
thgttahs, stramonium anti bcJlatloruia. 'Tluj actual number of stomata per 
sijuaro inillimelro w variable for th© wime plant, thi** being eq>ecially 
UQliccahlo if rocortls aro matlo for dificrent years ; a few exampleg, 
iiowovcr, wr\-o to give on idon of th© numbers which havq been rocorUed : — 



KsoUt G( *t«IMU fet »i; BUQu 

UjiftT nirt*« 

Xxrwer nrtace 

i*runu* Lauroctrtuus 

0 

UO to ISO 

JlaroKfM befuh'na 

0 

i 45 

Datura 6’tramoTu'um 

59 to 87 to 140 


dfropa /frlTaicnno 

7 5 to 10 to 17-5 


CiMSW anpuiifolia 

180 to £00 to S23 

1 195 to £20 to £57 


Tli<« SlomaUl Index (8atisbuiy*. Ids'?) is tho percentage which tho 
iiurebcr of stomata form of tho total number of epidermal cells, ©odi stoma 
Is'ing eotiiitcd as ono cell. Tlius, if S represent tiio number of atomata por 
unit «n«a ond K tlst utunlx^r of epulcrmal ceJU In tho samo unit aten, th© 
slomrttA} iiulfx M S X 100 — (K + 8). Tho figure so obtainod is fatrly 
Constant for any ajirv©'* and can b© ux-*! as n specjfic eliaraclcr, which liaa 
j*n)visl useful fnrdistmguidiuigh'Aflcta of Indian from those of Alexantlntin 
senna and also hwiTs of dfrojw frfUtKlonno from those of A, ocumiiwfa. 
lUconls<| vaturs (Ilowson. |0t3) am aa tollowa 


Atropn MMwnn lnwi-r aurfaco . 
Alrejki ofumirwilj lower surfano , 
Ctfsrsi ocufi/olvi both aurfaces 
<’osst>} attyutiijoivj both surfaces 
I'ry'ArexyfMm eoea lower ourfor** 
f.’ry’^mrjls'n #rur>Iirfiss b»wer aiirfoct* 


10 6 to Sl-C to 53 0 
10-7 to 17 0 to 18-8 
IM tol2eto 15^ 
IMto 18 7 to SO-0 
15 0iol33lo l5-t 
8 4 to 101 to Its 


OrienUUoa of the SlomaU. Tl»© st.v»naiA m Kjwtosprnm and mono- 

am tnually pSarv*! with tl»<' mis or pom« jwvrallel to the long 
a\»» of tJ.r' toat. aA m savin aiwl hly of IIS' valW- (CwimKorvi) ; nn 
ctfvpl»-<» a*ivdijr»t fj-#. i; 3 iWin*]vnna 14 th© Imvesof which liave 

Os- »i..Tn©la ifTt-trMUrlv In dw'otyle.hai* Ihr on.ntalton t« viuialJv 

Soiis-tnnm It is |«ar»]M to rfw* h«>p a»i« a« in manx 
s/.d I* al right aivglr* f,» tJis haig «xi« ui wim«' otls-r phuits, •nch a* 
A'sw^rvr an} >/rf>A-sTJsr 

Type! ct StoaiU, *>!*;;• *•! ««'m» m.\\ Iw* di»tmgui«li"t h\ ths 

r?.»»*rt,r» . t i>^fuanl<>:b Tlx««- art- {1 ) t)>/- tson wUtfh i. r.ut,.| 

i-n iJ^ s{^'p).y»« 1 1 *»-• 0,«-a oivi wlirn malum g.iani or-lh a l.irj, 

a«» on,t«» I* *»»a^.Tr*V!ey dewt. %>• *t,~ divyhna wall durmp cnmtJ. i 
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Ftinaria is a good example. (2) The gymnospermous tj-pe having guard* 
celH which nro oval jn tiaiiRVorse section and are placed nt an angle of 
about 45 degrees AVith tlio outci suifaco and hove Avails which are in part 
lignified ; a tj’pical e.vample is savin. (3) The graminaceous typo, winch is 
ciAaracterisUc of the Graramace® and C^oroceaa and has guard-cells 
which, in surface v'iew, are itioro or less dumb-bell shaped and the outline 
sub-rectangular. (4) The dicotyledonous typ&, which is oval or circular in 
outline m surface vianv Avitli arcuate guard-cells ; this type is found in 
most dicotyledons and in many monocotyledons. 

Amongst dicotyledons four well-marked types of stoma occur ; these 
are distinguished by the form and arrangement, 
of the Burrounduig cells, more especially of the 
subsidiaiy cells os aeon in the mature leaf. Each 
type 13 named from a family, of which it was first 
noted as bemg characteristic ; they are as follows ; 
(1) The rammcnlaceons type, where the stoma is 
aurroimded by a vatymg number of cells in no way 
differing from those of the epideimis generally. Such 
stomata occurin bearberrj', buchu, foxglove, hemlock, 
lobelia and many other leaves. (2) The rubiaceous 
type; the atoroa has two subsidiary cells the long 
axes of which are parallel to that of the stoma. 
Examples are coca, senna and boldo. (3) The 
cftiyophyllaccous type ; the stoma is accompanied 
by two subsidiaiy cells the long axes of which are 
at right angles to that of the stoma. This type is 
found in mony plants of the family* Labiatro, such 
as spoanoint, peppermint and thyme. (4) The 
cruciferous type; tho stoma is surrounded by 
usually three subsidiary colls, of which one , is 
markedly smaller than the others. Examples are 
belladomia, stramonium, henbane and many plants 
of tho family SoIanace» } also Carthamus and many 

■ ■ • . . certain stomata 

odominant typo. 


Crugj/tr 






Fio. 2<3. Types of 
dicotyledonous 
stomata. All x 


to cany out tho functions of the loaf. Tho colls of tho mesophyll have 


~ ” ' ’ ■ ’ . urrounded by 

examples are 

■ ' lat and has a 

I dermis. Tho 

palisade cells nro cylindrical and closely packed with thoir long axes at 
right angles to llio epidermis. Between tho colls there nro small spaces 
paraUrl to tho long axes of the cells ; the spaces aro not <-n<?ily eoeti in 
tronax'creo Bcctions of leaves, but aro inime<l/afcly oA'idont in surfaco 
preparations. Examples of isobilatcrat leaves aro eucalyptus, in which 
there ore from tJirco to fi'’o rows of palouKlo under each epidermis, anil 
senna in which there is a single row above and below. Tho dorsi*7Calral 
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leaf flat and Im-^ n d^tinct upper and under surface ; the upper surface 
is usimlK' darker in colour than the lower. The mosophyll is divided uito n 
palisnde’layer of one or more rovrn of colls under the upper epidermis, ond 
a loose tissue of irrcpularcelNwitbsliortprojfrtmpnnns enclosing abundant 
intercellular ppaces and known ns “sixingj' ” parenchyma. 

IdiobIa5ts are cells whicli /lifler laarkctUy from Die ordinaiy* cells of a 
tissue in either form, eize or contents. Such cells are often present in the 
mesopiiyll of leaves ; in ten and hamnmelis pcculinrlj’ phnjied, thickened 
and strongly lignified uliohlftsts occur and are very characteristic of the 
powder ns well ns the whole leaf. In laurel leaf, Laurui twbiUs, m boldo 
leaves, Ptieumus Robh, nn<l manj' leaves of Iho Pipenicero tho idiohlasts 
nro largo spherical cells fillet! with volatile oil ; in belladonna one fuids 



IV* 27 rs1I*<kle rstio Four rpidenniil cells from four Icnxes with tin* 
un<i<-tl}tnB p*hwule(rll^ showing tlicslifrcrrticf* in tite mtiCM All X 17.7. 
Afi'T Wslii" and KorwiiVr. 


Isrg» rouinlrsl idiohlasts filhsi with inicni-phi'iioidnl riystals of calcium 
nxnUlc In s<ime |ens«*s. siirh as stmnKniiiini and henhane. tho idiohlasts 
cofilnmiiig calrium are nrmuctsl m a MUgIr Injor inunrslintely 

Ik-Imw the j«h»nde and const jtiite * CTTtl&l Uy« in the niraopln U. Another 
js'ctilisrifi charsctrnsJic of certain leasw, such as jho>.e of A'n|iAo^ia 
itrl'i, IS ihe pn-M-iie«, ,.f A Irtjrr «f tiwldiisl ]>nrerirh}-mn iinrneilintelv 
stirnrutiding each «d the \cuis; in tmusxcr>p N-ctimis this npjs*ani as a 
»1 raih of Isrg" rrct«runi!.sr cells sumnimlmg each s-asctilnr hniulle. This 
• heath gls-c- n»»* to llie |•ncuha^ a]>{M aratiro of minute ciirvisl nigai so 
clvsno-tf-tistic of il,o dfipit tcas-c« nl «.Q].}MirhiA pihihfcm (see j», 2S0). 

TI'P pahwwU crlN of (lio ti>ew.tdi>n Iwar a drflaite rr-ktion to the 
rj-.lr'ttnnl c«!l*. a fact wIikIi Iwronws from a »tuily of the pilUsdc 

ntio. •■h‘fh »« lie- asotstre nuintp-r of |inh«A<!o rolls Iwmsitti one epidermal 
u«t)g f. ur c.4,ttru.u» rpsh-nnal colU f. r tlio count This ratio lu» 
W, *1..— ti to r'ltli.-i.s.tly cmstwit III as a diagnostic rliarsctcr 

( f om'sg to Mme ipsitM in Certain inslantr#, »ucJi a« tlw* 
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genus Barosma and several genera of the Compositaj. Tljo following 
examples show the magnitude of ratios that occur and the nature of their 
variation : — 


J?aroawa betuhua 
Barosma ovata . 
Athnihiis glanduloaa . 
Alropa Belladonna 
Datura Stranumium'] 




. 10 to 26 

. 5 to 14 

. 7 to 13 

. G to 10 

Datura Tatula j 




. 4 to 7 

Digitalis purpurea 




. 3*7 to 4-2 

Xaitthium Slrttmarium 




. S to 4 

Scopolia camtolica 




. 3 to 6 rarely 6 

Sohnum nigrum 




. 2 to 4 


The mosophyll is divided into email portions by the branching and 
anastomosis of the ^'eins throughout the tissue. The small areas of green 



Fio. 28. Vem-islets of A, Castia anjpwtf/bha, and J?, Caana aetUi/olia. 
X 24. After Levm. 


tissue outlined by the veinlets ar© termed ^'em-islets and frequently a 
small vein-tip runs out from the eunounding veinlsta into the centre of 
each islet. The shape of the vein-islets je frequently characteristic and 
will often enable one to sort out a mixture of leaves which have been 
broken into small fragments. It has been shown that the number of 
voin-isIetB per imit area of leaf surface is constant for any given specie of 
plant and can bo used os a character for the identification of species. The 
Vein-islet number is the number of vein-isleta per square millimetre, and 
this number is indoxiondent of the size of the leaf and do^ not niter with 
the ege of the plant. The following examples illustrate the value of this 
character : — 


Caaaia angwli/<ih<i 
Cassia acutifoXia 
Digitalis purpurea 
Digitalis Thapsi 
Digitalis lutea . 
Barosma betuHna 
Barosma Bath it . 
Barosma vtnusta 
Erythroxylum coca 
Erythroxylum truxiUense 


19 to 23 
25 to 30 
2 to 5'5 
8-5 to 26 
I to 2 
10 to 15 
15 to 20 
5 to 7 
8 to 12 
35 to 26 


MIDRIB 


Aniuiid the \*oiii8 

specialised. In many 


and midrib the cortical tissues are usually less 
leaws the palisade is not continued^over the 



Fio. i'.K TnuinsTriw ■r<ction« of mklrib* of Iww. c, eoJlenchymii ; cr, 
cr>itAl iclioliU^t 5 r, Fn<l0(l<'nnia ; p, pith ; ; p / . jwficyelio 

filirri*; pX, phlonn; p f A., p'rinK^lulUry phlopm { ry. xylcm. 


pn-*rr»l to a printer or lew extent in the midrtl« and larper svms of most 
ieA\T<i, fonninp the l«}Tr of mechanical elements which supjxirt* tho 
projectinp twue of l!ie mKIrib and larp^ wins; the rrmaminp cortical 
tisiiue of ihev' STins ronii^ta of round-cellr<I porcnclijnui. 

SUUt Tisne*. Tim meristele, as »een in a trans\*enw» aertinn of tho 
mulnli, I* UMially in tlm form of an arc liavinp the xj lem towanls the uj’l'er 
•urfure. aminpe«l in radiatinp bonds epreo'Iinp towanU llm lower surface. 
Tim jhloein form* • bond bctw«i«i tlte x> Icm and tho cortical |«\rtnchytna 
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on tlio loivor side. Jlcclullary rays tnivcrso tho xylom and plilocm in 
radiating lines. Tliorn is often n amnll nmoxint of cambifoirn tissue between 
tho xj’lem and pliloom as is wol! sliown in uva-tirsi leaves, Tlio i>ericyclo 
lying between tlic jddocm and tho cortex is Bometimes developtsl as a band 
of colloncliyma as in Digitalis purpurea or, more usually, as an arc of 
pcricychc fibres ns in f-oniin. Tlio arc of fibres is sometimes continucsl some 
distance round tho upper side of tho roeristolo os in coca or is even extended 
to form a ring completely aurrouiuhng tho moristcle ns in Ilatnamelis ; in 
senna there is an arc of pcricychc fibrcn below tlio meristele and a small 
isolated group of fibres on tho upper sido. Soo Fig. 29. 

Leaves such ns belladonna, utmmoiiium and henbane possess small 
groups of porimcdullnr^’ plilocm embedded in tho pnrcnchjTno on tho ujii'or 


mum, tho bmullea of tho meristele are entirely eeparnte, and in leaves like 
matico, Ptper angustifohum, and dandelion, Taraxacum ojficinale, the 
separate bxmdles form an almost perfect circle ns seen in the primnrj* 
structure of stems, hut tho bimdlea towards the upper sido are usually 
smaller than the others. In Eueahjptua globulus tho meristele of tho 
midrib sho'ra a tj*pieal arc of xjdem and phloem nn<l above this chief 
bundle aro two smaller bundles in tho rovereo position, i.c., svith tho xylcm 
below and tho phloem above ; in Hamatnelia also one often finds a small 
subsidiary bxmdlo above tho largo pruicipal one 5 thes© nppearancoH are 
produced by tho twisting and bmnchuig of tho bundles xrhich enter tho 
midrib from tho stem. 

The midrib and its bmnehes gradually become narrower townnls their 
extremities ami tho conducting olcmonts are reduced irt size, till finally all 
secondary stnictures aro nb«ont. Of tho primary strticturcs, tho phloem 
’ ' , ' • • . fa few 

(■'I-i • ■ • . . • ’ontain 

protoplasm, coll-sap and a nuclous; m addition chlorophyll is present in 
plastids in tho cells of tho pahsado and sjK^ngj’ pnroncliymn. Tlio cUoro- 
plasfa are most abiuidant in tho pahsado and numerous verj’ small starch 
grams, frequently somewhat noodlo-slmpctl, often occur embcddcxl in tlio 
chloroplasts. The epidermal cells of tho fronds of fonis normally contain 
chloroplnsts, but the epidermis of nngiospormous leaves is generally' 
without them. Many shade plants, howovor, such as foxglove, stramonium 
and belladonna, show tho presence of small numbers of chloroplasts in the 
epidermis. Calcioin Oialate is an im^rtant cell-content ami is sometimes, 
though rarely, present m tho opidormia ; good examples aro savin, 
Cupressus sempeivirens and OJobularta tifypur>i, sometimes knoxvii as 
Provence senna. In savin and Cupressus the crystals are small prisms, 
about 4 microns long, occurring embedded in the cuticle, about nmo or ten 
crj'Stals to each cell. In Qlobularia many epidermal cells contain a single 
crystal which is usually a prism, more rarely a cluster. The occurrcnco 
of a crystal layer in leaves has been described above (see p. 103). IMien 
calcium oxalate occurs in tho palisade tissue, it is usually in the form of 
cluster crystals, as m serma. Idioblaste iontainmg microsplienoidal 
crystals are found scattered throughout tho mcsophyll of belladonna. 
Calcium carbonate occurs ns a concretionaty deposit encrusted upon 

■■ ■ * ' !’.•••. • I • ’ ' Cannabis saliva 

. cn ; this feature 

. • >0 plants belong 

I. ' ■ I of an ovoid or 

elongated cyhndrical-ovoid form occur in the epidermis of Andrographts 
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family Acanthaceic. Diosmia, C«HaO«2HtO, ia another crystallino 
substance occurring in tha epittenias of eoine leaves such fa bucnn and 
hemlock- Diosmm occure m yellowiA^y crystallme masses of various 
forms and is msolublo m aolutiore of ammonia and m the ortlmary nucro- 
ecopjcal reagents, including eolution of chloral hydrate. Volatile oil owius 
m idioblasts m tfie leaves of plants belonging to the Laurace®, such as 
tauTua ?w&o!vft, the bay laurel, and to the Piperace®, such as Piper Betle. 

Clitssl&cation ol Leaves ' 

A. Aromatic leaves with a punctate lamina, usually fiafc : Buchti, 

Jaborandi,' Eucalyptus, Laurel. 

B. Aromatic leaves, lamina not punctate, usually fiat : Etiodictyon, 

Boldo 

C Coriaceous leaves, non-aromatic, usually fiat : Cherrylaurel, 
Bcarberry, Mat6. 

D. Lamina thin and papery, mostly flat, often entire, sometimes 

more or less broken : Coca, Senna. 

E. lAmina. thin, folded, often broken : Witch-hazel, Henna, 

Raspberry. 

F. X4imina thin, crumpled, broken, twisted by drying, margin 

toothed 1 BigitaUs. 

G Leaves rolled together, somewhat coriaceous i Tea. 

H. Leaves destitute of chlorophyll, forming a bulb : Squill, Urginea. 

BtrCH0 LEAVES, Folia Bucha* BuMO, Bnehu 
Sottrees, Buchu leaves are obtained from certain species of BaroiTJW, 
small shrubby plants mdigenous to Capo Colony. The drug, the nee 
of which appears to have been learnt from the Hottentots, was 
introduced m 1821, and this first eonaignment was derived from B. 
crenvlalct. The leaves of Baroma betulina B. & W. are known as 
round buchu, those of B. crenulala Hooker as oval b'uchu, and those 
of B. serralifotia Wifid. as long buchu. The most highly valued 
variety is round buchu from B. betuliiut B. & W. 

CultivatloQ and Collection. A situation possessing an. abundant rainfall 
and a moist atmosphere is ohoson and tho soil should ha^’o a sunny aspect 
aticl a elope sufBcicnt to cau-TO rain to drain oH rapidly. Tho seed is sown 
in March m linos obout 3 ft. apart, and whan the plants aro a j-ear old they 
aro cut down to about 3 uv. from tho ground and when two years old arc 
again cut back to 2 tn, abovr* tho first cut and so on. annually. In this way 
bashy plants wjtli an abundaneo of twigs aro producctl. Tiio heavy rains 
of March and April wash Iho foliago clean and tho tw/gs aro cut with a 
sccftteup anti are camod on a track to a abed with a corrugated iron roof, 
and piled upon tiu> floor to form a Jaj-er from 15 to 18 in. deep. The tirigs 
are tiuned over and aliakon loose doily until tho loaves begui to fall ; they 
• aro then gently threshed with a pliable rwl trro or tJireo days in succession 
till all tho leaves aro removed. Tho wholo oporation. tokes from ten to 
fourteen days. Tlio leavoa are sorted ffojn tlio twigs and aro packed info 
hales, which aro tum«l daily for a wock to prev'ont BWeotuvg and sub- 
sequent loss of volotiSo oil, when csqwrtwl tho leavesi should not contain 
more tlian 10 per cent, of tho Rnaller twigs and roost samples contain loss 
than 5 per cent. 

Besenption. The leaves of Betnuma 6efufinn, commercially known 
as " short ” or “ round " buchu, average from I to 2 cm. in length, and 



108 


LEAVES 


are green to pale green in colour ; the lamina is rhomboid*obovate in 
outline, and the apex is strongly recurved and blunt. They are rigid 
and brittle when quite dry, but cartilaginous when moist. The surface 
is glabrous or very nearly so, short trichomes being often present on 
the midrib near the base and on the very short petiole ; the upper 
surface presents small scattered prominences due to the elevation of 
the epidermis by subjacent oil>glands ; the lower surface is finely 



Fio. 30. Buchu. Leaves of A, Barosma hetulina ; B, B, crennlata, lat., 
var. latijoha , ang , var. angustijolta ; C, B. etrratifolia ; D, Bmplevrum 
aerrulatum; E, B bathii. All X 2. j*. stem of &e^u{tna X 1. G, fruit 
of B. fcetuZino X 2. H, eeed ofB. fcc/tiZina x 2. K,^o-w&ToSB.betulinaXl. 

L, transverse section of stem of B. befulina X 5. b, bark ; c, cambium ; 
gland ; p, pith; r, ridge; a, leaf scar; sy, zylexn. 

wrinkled. The margin is denticulate towards the apex, serrulate 
towards the base. Examined by transmitted light the lamina is 
punctate owing to the presence of the scattered oil glands as well as 
the marginal glands, one of which is situated at the base of each 
indentation and one in the apex of the lamina. Not infrequently the 
flowers, the brownish fruits and the black seeds may be found in the 
drug in addition to small pieces of the stems. 

The eUnder stems of buchu are about 2 nun. in diameter and show 
leaf'Scars in opposite and decussate pairs, the intemodes being about 
8 to 20 ram. long and marked by four longitudinal ridges. The stems are 
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b’-ownish-red and somewhat ro\)gh oft tlm aurface o-wjug to tho prosonco of 
0 il-glancl 3 m the outer part of tho cortes. In transverse section the stem 
shows a stnaH hgnified path, o Wide a^lom and a narrow bark. The /ou’er;* 
ar&pentamorous and. about 12 txaa. access tho coroHa, whieh ha^ white or 
pinkish, narrow, acute, lanceolate lobea. The five-valvod, capsuiar /rutfs 
are about 7 mm. long and 10 mra. wide at tho apex, when dehisced ; the 
surface is greenish-brown and rough from the presence of oil-glands ; in 
each loculus there is a single, hard, smooth, oblong-ovoid shining black 
seed, which is non-ondosporrme. 

The ieares have & strong aromatic sonleirhat pcppermint-liko 
odour and a similar taste. ^ 

The leavea o! Bamrm creaiiiakt Hooker are known ns “ oval ” 
bucbu. They vary in outline from lanceolate to oval-oblong ; tho 
luaigin ia minutely gerrate, and the apex blunt but not recurved (as in 
B. beiulinc.). In odour and taste they reserablo short buchu There 
are three varieties of B. cmiulate. vii., var (ofi/oEia Berg, var. longifolia 
Berg and var. angu^tifolut Berg. These vanetiea differ in the length- 
breadth ratio of tho leaves, which afo 2 to 3 for var. latifolia, 3 to 4 for 
var. longifolia and 3'6 to 5 for var. on^w-sli/olta. 

llie leaves of Barosma senatifolia Willdenov? ate knotm com- 
mercially as '* long *' buchu. They arc about 2-5 to 4 cm. iong and 
Imear-lanccolate m outline. The margin ia eerrate, and the apex 
diatinctly truncate. The leaves contain oil-glands similar to thoso of 
short buchu, one being distinctly visible in the truncate apex when 
examined with a lens. In odour and taste they resemble short buchu. 
There ate two varieties of B aerralift^ia, viz., var. htifoUa B. & \V. 
with a length-breadth ratio of 4 to 0, ond var. loTtgifoha B. & W. with 
a ler^h-breadtb ratio of 0 to 9. The leaves of both varieties of B. 
arraiifolia may be distinguished from those of B. crenulata hy the 
marked three-nerved venation which ia never found in B. crenvlata. 

Histology. The itiidtib, which pTO5©ct8 below and has a shallow groove 
above, IS about 4 to 6 tnin. thick and contains a men^tole which exhibits 
mtransvQTSo section an arc of radiate xylem With about aix medullary rays, 
below which is a narrow band of phloem, backed by a eroacent of im- 
henifiod pencyclic fibres, about six fibres Wicbb at the middle poiat ; above 
the xylom is ft emoH amount of parenchyma and tho paltaade tis'oie is 
continuous above the bundle ; below the bimdle ere a few layers of 
parenchyma. Tho upper epidermu} of the leaf coneiits of polygonal- 
tabular colls Wdli straight antichnal waltj and poesos^ing a fairiy thick 
cuticle ; mucilago fills thelowerhoU of tho coUa.Hio^t of which also contain, 
foathory or Bpl^ro-crystals of diosnun, which « insoluble m tumnoma, 
but IS coloured yellow by caustic potash ; stomata are ah?ent. Tho loWor 
epidermis resombles tho upper, but contains stomata o! the ranunculacooua 
typo and bKowb, over each oil-gtand, n patch of modified thm-walled cells. 
The leaves of B. betuUna alwaye possws a number of.BtomstR of a length 
greater than 38 microns and have ft palisade ratio which w never less than 
iO, features which distinguish them from the leaves of many other species 
of Uarojmu. In the meaophytt oi buchu leftvea thoro are eub-sphencal or 
ovoid Echixo-lysiecnous gland* up to about 250 microns m diameter, and 
also some cell? each conti^ning a cluster crj'stftl of calcium oxaiate. The 
trichomea found on the upper surface of the leaf near the base of the 
- midrib ami on tho short petiole are uniccllulaT. conical and about 60 to 
80 HU crons long. 
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Constituents. The principal constituents of buchu leaves are 
volatile oil and mucilage, the former being contained in the oii-glands, 
A%’hile the latter is deposited on the inner walls of the cpidennal cells. 
They contain m addition a yellow, crj’stalline rhamno-gl 3 'co.siclo 
dio-smin. Tliis substance is also found in Cenintn maculatum Linn., 
Mentha crispa Linn., and many other plants, often forming aphero 
crj’stals in the epidermal cells ; it closely' resembles liesperidm, vhich 
occurs in various species of Citrus, but differs from it bj’ being insoluble 
in ammonia. The volatile oil (1*3 to 2 per cent.) depo-sits up to 30 per 
cent, of ctystallinc diosphcnol, when it is cooled. Diosphenol 

has antiseptic properties, and is considered bj' some to be the mo.st 
important constituent of buchu. The oil also contains a Icetone, 
probablj’ identical witli menthonc, to wliich the peppcrroint-like 
odour IS due. 

Substitutes. Empkurum semdatum Alton ; resemble long bticlm, uinlcr 
whicli iiamo they have been offcrotl for ealo ; ajwx acute witbout oil giaml, 
lolour uMially yoHowialv-groctt, ta.sto bitlorisb, odour different. 

Tho leawa of tlio following plants liavo al&o been rciJortwI ns substUiites 
for buchu leaves : — 

Agathoima een^ohum Bartlmg nntl Wendlaml, A. vderophyUa Mej'er, 
A. variabtUa Sontlor, hftvo a distinct anis© colour j A. chortopila Ecklon 
and Zoyhor has a cummin o<totir. 

B. Baihii Dummer ; rather broader tJum B. crenulata, moro distantly 
crenato-soirato, ojk-x veiy obUtso amt witliout gland, thickened margin. 

B venurfo EckSou and Zoyher ; small, obovnto or oblanccolato. Thej' 
oxliibit a strong blue fluorcsconco in fiitored ultra-violet light. 

B. pulckella Bartlmg and Zoyhor i 7 to J2 mm. long, 5 to 8 mm. broad, 
ovate or ovate-lanceolate, margui thickened, apex obtuse { taste different. 

B. tnci/olia Amir , B. svccvlenta Tliunbcrg ; leaves heath-liko Imoar. 

B. hnceolaia Sender { rothor narrowor Ilian B. erenutata, margin entire, 
rccxirved. 

Peoralea obligua Stoyor ; inmma obhquo, opiculus rccur\’ed, veins hair}'. 

Adenandra Jragrans Roimer and Schultes ; oblong, obtuso } caraway 
odour. Known as Klip Buchu. I 

Uses. Buchu is regarded as possessing a tonic and diuretic action ; 
it is used in inflammatory conditions of tho urinary’ tract. 

JABOKANBX LEAVES. Folia Jaborandi, Jaborandi 

Sources,' etc. The name jabotnndi is appheil in South America,' 
cspecjaliy in Brazil, to a number of plants (belonging chiefly to tho families 
Kutaceaa and Piperaceai) possessing sahvant ami sudorific properties. 
The leaflets of several s^iecics of PiUKorpus, Jamily Rutacca*, have been 
imported as jaborantli, but tho variety at present almost exchisivoly m 
commerce is obtained from P. mieropkyllua Stapf. 

Tho plant produces impanpinnnte compound leaves, mostly witli thivo 
pairs of leaflets, which aro collected, dried, and exported in large quantities 
'to Ln’eipool, chiefly from Maronham ; hence this variety is often 
distmguished as Maranham jaborandt. 

Description. The leaflets aro 2*5 to 4 cm, long, brownish -green, coriaceous, 
glabrous, obovote, deeply emarginate at the apex and more or less asjTn* 
metrical, with the exception of the temunal leaflet, which is aynunetricnl. 
By transmitted light oil-glands mo visible under a lens. Odour charac- 
teristic, but not powerful ; taste aromatic and pungent, a copious flow of 
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being proaiiced. Tlio wtchis, if pre<wmt. is slightly vrmgeil. Sco 

Ifjg SI B an<l C. 

^nstituents. Jaboiautii leaver contain, volatile oil (about 0’5per cent.}, 
resin and tho alkaloids pdocarpme, isop»locarj>i«{> ajid pilosino (carjJjJine). 
Of these alkalouW jiilocarpine. C„Hj,N,0,, is t!io most unportant and the 
one upon which the tlierapeutical value of the leaves almost entirely 
dependa. Tlio proportion present is osoally about 0-5 per cent. 

Pilocarpine is cryataUme (m. pt. 34*) and dextrorotatory ; 0 01 gm. 
produces 3>ovrotful sweating anti salivation. Heating with alcoholic potash 



Fio. 31. Jaborandt. A, leaflet of i*ifoearpiMja&orcmd» Holmes. H, haOete 
of P micToph^tluj Stop!, a, terminal leafiet , b and e, lateral leaflets. 

C, transverse eection of midrib of P, mtcrophyUua . (k, after Malsch; 

after Wallis , C, after Duval) ; c, cambium } er, cluster crystal ; 
ep, epidemiis; gl, oiJ-gUnd; pol. palisade; p.f,, pericyhc fibres; pk, 
phloem , xrf, siyfem 

converts it into the racemic form, isopdocarpino, which has about ono-tenth 
of the activity. 

Pdosino oceure in very sinalt proportion only. 

The thompeuticftl action of pilocarpine rt not modified by tbo addition 
of isopilocarpmo, pilosme, pilocaipidmo (which occura i« the loafleta of 
P. jffborandi Holmes), or the rem ; hence pilocarpine can well replace the 
drug for m«licinal «so ( Jowott). 

Us». Jabomndi Btiraulates the parasympathetic nerve endings and 
ifuluces tlicruforo profiwo salivation and perspiration. It is chiefly given 
as a powerful and rapwl dmpJjorotfc, and epp^re to be of most servico in 
renal dis«v-»o, eliminating both water and urea. Pdocarpino is usod m 
ophthalmic surgery to contract the piqfiil of tho oyo ; it w antagonistic 
to atropine. 

EobsUtutes and Varieties. Strortsia ap., family Leguminosas ; browninh- 
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grocn, glos'^y ; midrib mimitoly haiiy ; vorj’ sliort, Imirj’ potlohilo ; 
voinlets givo a pellucid appcnr/mco to the lamina ; oboufc 3 cm. long hut 
some only 0-6 cm. long. 

P. jaborandi Holmes ; dull brownish'grccn, C to 10 cm. long, oblong* 
lanceolate, margin rcvoluto, apex cmarginato, unequal at tho base, upper 
surface glabrous with prominent lateral voinlets, under surface sometimes 
slightly hairy' Formerly ofHeial but now seldom imported ; contain pilo* 
carpino (about 0*5 per cent.), isopifocarpino and pifocarpidine. See Fig, 
31 A. 

P. pennati/oliua Lcmairo ; Paroguoy Jaborandi ; greyish-green, paler 
and loss coriacoomthan P. Jaborandi ; voinlets not prominent on tho upper 
surface ; usually equal at the base. Oontain about 0*25 per cent, of 
alkaloid. 

P. Selloanua Englor ; imported from Rio Janeiro ; closely resemble tho 
above, but are more obovato. 

P. trachylophua Holmes ; sraallor tlian those of either P. Jaborandi or 
P. ptnnatifoliua ; dark olive-green on tho upper, yollotrish-groen on tho 
under surface, which is clothed with short cur\'od hairs, similar ones being 
' ' “ ’ ■’ •* •f"'. contain about 0*4 por cent, of total 

, . i •• . which only 0-02 por cent, is possibly 

P. apicatua (?) ; Aracati Jaborandi ; resemble bay leaves in size and 
shape } upper surface polished, veins scarcely \*isiblo, outline lanceolate, 
petiole short and twisted. 

P. nreemojutf Vafd { Guadoloupo Jaborandi ; ov’afo, attaining 17 cm. or 
more m length j contain from 0*0 to 1*0 per cent, of total alkaloid, about 
onedialf of • ' ' * • . * ' • " . 


Piper jal . . . . . . : . y, papery loaves tapering 

towards bo . . s , ’ v ^ with tho stems, which are 


swollen at tho nodes. 

EUCALYPTUS LEAVES. FoUa Eocalypti 
Sources. Eucalyptus leaves aro obtained from Eucahjplua globillua 
Labillardior, family Jlyrtacoa), the ordinary ** blue gum ’* tree of Victoria 
and Tasmania, a tree which is cultivated in Italy, Spain, southern France, 
Portugal, Algeria, etc. 

Tho tree bears leaves of two types ; on young plants they are opposite. 



Fio. 32. Eucalyptus leaf x J (Maisch.) 


ovate, cordate at the base, and seraile, and they grow with the lamina 
horizontal ; on tho upper parts of older trees, longer, scimitar-shaped 
leaves are produced, tho petioles of which are short and twisted so that the 
laminsB aie m a vertical piano ; these alone are employed in making 
preparations of eucalyptus leaves. They are collected in southern Europe 
and dried. Both forms of tho leaf aro used fresh for the distillation of the 
volatile oil. 

Description. Eucalyptus leaves are narrow and up to 30 cm. long, and 
ensiform m outline ; the petiolo is short and twisted ; the lamina is 
thick, coriaceous, and, when quite dry, brittle ; the margin is entire and 
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somewhat thickened ; tho midrib is not prominent on either Eurface, and 
the very numerous pumato lateral veins anastomose near the margin, to a 
continuous line ; the apex is acute The leaves are (juite glabrous, hut 
punctate from the presence of nianeroUB oil-glands situated in tho meso- 
phyll. The surfaces are frequently marked ’mth a number of minute, 
warty, brown spots ; these are groins of cork cslla that fill ruptured, 
oil-glands. 

The odour of fresh eucalyptus leav^ ts strong and camphoraceoua ; 
m the dry leaves it is less perceptible until they ape crushed. The taste 
of the drj’ leaves ia aromatic, pua^nt, and slightly bitter. 

Histology. The cells of both upper and lower epidermis have straight 
anticlinal walJs and a very thick cuticle and over each gland is a small 
patch of modified cella Kumerous sunken stomata of the renunculaceoua 
type ere present in each epidemua. The leaves are isobiJateral and there 
are two or three rows of palisade on each stdo. large ovoid schiZOgenous 
Oil-glands are embedded m the raeesophyll, and here and thero one has 
discharged its contents and become Imed with a layer of cork. Prisms of 
calcium oxalate occur near the fibres of the voms and clu-stara of calcium 
oxalate m the palisade and spongy tissue. 

Conahtneata. Eucalyptus leaves contain, wJien fresh, from 3 to 5 per 
cent, of volatile oil containing 50 or moro per cent, of cmeol (eucalyptol, 
cajeputoi). iiiey also contain tannin., a bitter principle which has not yet 
been investigated, and eeveral reams, one of which js crj'sfcslJine. 

TJses. Eucalyptus leaves are used os an astringent } they have also 
been employed in tho form of a cigarette for asthma. The volatile oil has 
antiaeptie properties. 

Note. The official eucalyptus oil may bo obtained from E. globulua 
E. diimoaa A. Cunningham, end other ^lecies. Jiluch is imported from 
Auattaha. Citro-sconted eucalpytu* oil is obtained from E, tUn^ora 
Hooker (Queensland). 

LAXTREL LEAVES (Bay Leaves). The leaves if Laurtw noliiia Lmn., 
family Lauraces, cultivated m Great Britain. Leaves lanceolate- 
acuminate, 10 cm. or more long, coriaceous, pollucid-punctate, ehmmg 
green, glabrous ; margin entire, wavy ; upper surface finely sOaagieened ; 
aromatic- Contain 1 to 3 par cent, of volatile oil (chief conatituents, 
cuieol, cugenol, getamol, terpenca). The oil of bay from which bay rum 
is mode is obtained from the leaves of PimssUa oens Wight, family 
Myrtace®. 

EEIODICTVON (Yerba Santa). Loaves of Erio{2jctya» cahfomicum Green 
family Hydrophylloce®, California. Oblong-lanteolate, 6 to 16 cm, long, 
1 to 3 cm. broad, acute ; margin moro or less incurved, entire or irrogularly 
Borrate ; upper eurface yoUowish-grcen, smooth, covorod with brownish 
resin } under eurfaco whitwh or yellowieh-whito, retioulatetl and densely 
tomontoso ; odour end taste aromatic. Oontain ©nodictyol and four tilhod 
substancop all of phonolio nature, volatile od and resin Utod as a tonic 
end expectorant ; maakB tlie bitter taste of soiu© drugs. 

BOLBO LEAVES. Tlie leaves of Peitmu» Bo!du$ Wolina, fanuly 
alommiRcero, CluH Loaves ovate or elliptical, 4 to 8 cm. long, shortly 
iwtiolatc, greyish-green, coriaceous, brittle; margin entuo, slightly 
tovolute ; botli surfaces with numerous emerg^neea each crowned with a 
group of ono-ccHed,thick-Wfl»ed hairs (easily broken off) . m tho ronsophyll 
• numoroui od-colls ; aromatic odour s pungent, camphorHceous, bitter 
taste. Contain volatile od, boldm© (alkaloid), and boldoglucin (glycoside). 
Used as a diuretic and hvor stimufmt. 
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CHERRY-LAUREL LEAVES. Folia Lanroccrasi 
Sources, etc. Tlio t‘)i(>n 3 '-laurol, Prunu» iMururertlKUA Lnuu, family 
Rosaccfc, IS im cvi'rgns'ii Klmih iii<Ii{p>nous to Pitkia mid Asia Minor, lm< 
culli%"At<sl in most ti*inj>orAt«* ifgious. Tlit* ]X)isonnus projX'rt^’ of tho 
wnti'f distilleil from tlio Kwi'S was not kiiou’ii (ill 1731 5 (ho |)oiMmoiis 
prmciplo coutamod m it wiw idoiitifusl ns Jij-ilrocymiic noid kooh nfti-r tlio 
iliscoverj’ of tlio latter Ijj* Sc1»<«4o in 1782. 

Collection. Collect tho Ioavih udiioli oro just fiill^rown, tliMo nre tlie 
h'Avcs of tlio current j'car eoJli^ctisl in .Tune. 

Description, ciiorrj’dnurel leAV«*s, wlu'cti nre iisrsl in tin* fn*sli state 
only, nvenig*' about 1C cm. in length h^* C cm. in lireadtli. The uj>p«T 



Fro. 33 PrioiM* /.oiiroerwiM. L. Leaf nml innorcsccnco. (After I.mdley.) 


surface is dark green mid glossj*, tlio under siirfrtco jiAler. In outliiio tliej* 
vnrj’ from oblong-Ianccolato to ncorlj' obovnto ; tlio npox is acuminato mid 
iocur\*ed ; tlio Inmiim is thick, glabrous and coriaceous, the jx'tiolo is 
thick and grooveil nbovo ; tlio margin is «!igJill 3 ’ recur\*o<l mid distmitb’ 
feornito. On the under xurfaco of tho Inminn, near tho base, and on either 
fcido of tho midrib are from ono to four yellowish, depresseil sjiots ; these 
spots nro tho remains of glands xtIucIi socrcto a sugarj' Htibstanco whilst 
the leaf is j’oung. 

Wiou fresh and entire, chcny-Jmirol leaves aro almost inodorous ; but 
when onislied the young leaves ovolvo mi odour recalling that of oil of 
bitter almond and hydrocyanic acid. 

Constituents. The principal constituent of cherrj'-Inurol leaves is a 
glycoside, prulaurasin, formerly known as laurocerasin. Prulaurasin, 
has been obtained m colourless, odourlesj?, bitter jirisms 
(m.pt. 120" ; o.r. — C3'’'0). In contact with pnmaso (an onxjTno also 
contained in, tho leaves) and water, prulaurasin is decomposed, jdolding 
benzaldehyde, hydrocyanic acid, and dextrose. 
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C„it„NO. + K.O - C,H„0, + HOX + C.H.OilO.' 

iVnliomJB BextioNi Hydro- B«ii»Jde- 

eycolc byde 

•dct 

So Jong as tho Ipavci romam intact iio <Iocomi>osit ion takes piaco. 

Kri’nh lrnve« from healthy plants S'lelfl on ftt\ nvorage about O-I per 

cent, of hydrocyanic ftcjil. In thenutumntho yield is Jp?s than in the spring 
or i-iirlv summer, tbo young loaves hoiiig ftspecmlly rich in pndaurasin ; 
wv.ly imfohhxi loa> i~i 1 in% f> yieldetl a* much ns 2 -19 per cent . of hydrocyanic 
acid (Ven, 1898). 

I*rulftum.sm n-si-mbh'x, but is not identical u-ith, amygtialm. By actmg 
tijHin nmyg^ialin ^nh yeast Fi^chcr obtainMl nn amj-plorntnlo ghicosnle, 
CJli.CU<rt^ir r\ Tins iKjdy IS isoroonc with prulaumain, bjit differs 

* • t).C. I • 

m iis optical rotation {— 20® -0), and yields when, acted \ipon by hydro- 
chlonc acid. la-vo.phenjdglycoHic acid (mandobc acid), C|H,.CH<^qjj. 
Under Himdar conditions prulaumsm pelds inactive (racemic) phcnjl- 
glycolhc acid. Hence pnilaum-sin is the glucosido of racemic phenyl- 
gljrolhc acid, and tlie amygilonitnleglucosKlo tliat of laEvo-phenylglycolIic 
acid Sambunignn.onalhislgliicoside contamtsl in Ihn leaves of thoolilpr, 
ih the «luco<ude of <lcxtrQphciiylglycolhc acid. Both tho amygrlonitrilo 
gineosjde and wjnbunignn on' rvailily convertM into prulaumsm by 
<hlute alkalies <Sco also Wild tTieny Bark.*’) 

. ^st3. t'herr^'-lauftd water w empJoywl a-s n sedative, its action Ix'ing 

tlue to the hydrocyanic acul it reiitams. 

Tlte em-iu<l fnsh h>avc« enclosed in a corkml lube or Mtlle an? iiso<l 
m preparing the “kilhiig-boltlo” tt-wl by many entotnologist* wlien 
C'lIIerting Is-eths and oth-r small iii's'cts. 

BEARBERRY LEAVES. Folia tJvro Ur»t 
Sources, ele. TJm comm>n bearl>eny', /frrtcwfupAyfor ins7-wr»i Sprengol, 
family l‘.ri«w>-!o, is a small proeumln-nt ever-gnicn shrub distribiitoil 
tlinmgh-mt ci-ntm) niul mutbeni Ktmijn* nn<l Xorth America. It ih 
imhp-nous l« <»r«'at Bniam, but is c(mnne<| to Scotland, t)»> nonli of 
KiiRland. amt In land, Tlie plant eendn out itmnchiiig stems that tako 
n-><t. aivl #o fonns sinatl c)(un(e>. 

CollccflOn. Tlie IiNivi's an' «s>ll«-cl*al m April, May and June and nn- 
iltt-Hl iti the up n hj t he heat of the sun 

Pcscriptioo. Bear 1 »rTr 5 havea ate small, shining, coriaeivniH leas ex, 
10 to 23 mm l-ing and ?> to 12 mm wnl'- Tle» n|>i>-r niirfnci- 1 .^ ohve-gnv-ri 
nr t>ne«\u<h gn-m, the nnd»-r mrfar*' }>ah<r TTiey r|iathulate or 

olsi\ai«. tls» lamina Usog nmiwletf nl the ap‘X, but lap-ring graduaHv 
lonard* 111 - l*a»- in a s-ts »}n»fl |v-ti>»ie Tli-s art- mnn- nt h-^n ngi'l, an<l, 
wli-n dt). hfillJ- IIm- iiwirgiu i* ealjn-. Mhghtiy te\-<iUn«., and. m 

>ieiiig »«lh iiair*. lail ut- »<-iirri-ly diwenuhle 

m the dni/ Tlie H*-in« an-l srud-d-* am il> |it>-eMi.Hl j),,. upi^-f- .ufftK-** 
ahirh tloi a.tim,-. a ttr aniikhn) nj»jsamne.’ . tlw gn-ii^h- 

gn— n nivt.r surfA-v' »' itlinilUeh markM w-jih v<<ro,'whnt darlu-r w-uih 
aherl, an> <dt*fi •l>,’VitU fai*-»I. I«u» it «V>*s not »how mixxl litimii pimtit 
«nu a Pt»«, Tlje I-ai.-x hale u-> h.d are 

• U--iC!\ B'lfiijfr'ni ai>-l w nv-whaJ btHcr 

UtitoloST. Tl"' mi'lrili i« Ira'twxttr-nt, haung r.,) r'dl'-ni-hima 

a-rl ). |,>« ij.- »),«•>, /,/ i% J-tn and a 

Im'.-I 1 < ^ ^ t « in " CARtlMf-Uin , 1 1— r>- Ale « {• Vt llhf>v* 

m in In «l- »''JWse-l.)tn-»a»H.»eeiw»,.u. rts.taU o! eat. oun ..«alAte, 

« 5f.^t . ..fc’, «f iMtgular rnt'ab e-n>rt«jj.-* a4\omj«-u.-.l i;j iJw 
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fcam© cell by numerous smaller crystals. The anticlinal walls of both 
epidermises are straight and stomata of the ranunculoceous type occur on 
the lower surface only and aro grouped in patches ov'er the vein-islets ; 
there is a thick cuticle. Most of the cells of the mesophyll contain droplets 
of oil ; the palisade is usually m three rows, occasionally four or five. A 
few unicellular conical thtck-walled trichomea are present on the petiole 
and on the margin of the young leaves ; there are also a few glandular 
tnchomes, with a two-colled uniseriato stalk and a multicellular secreting 
head. 

Constituents. Bearberry leaves contam both tannin and gallic acid ; 
an infusion of the leaves accordingly gives a bluish-block precipitate with 
ferric salts. They also contain arbutin, methyl-arbutin, ursono, quercetin, 
and possibly myricetin. 

. , ... „ „ ^ ^ 

at . ■ d 

wi ^ _ .■ ». 

quinone, A similar decomposition takes place when arbutin is administered 
by the mbuth, both arbutin and hydroquinone being excreted by the urine ; 
m fact, the activity of bearberry leaves is said to be partly due to the 
stimulant and antiseptic properties of the latter substance. 

Quercefm, CjgH|oO„2HjO (totrooayfiavonol), is a yellow ciystallino 
body which is also obtained when the glycoside quercitrin, one of the 
constituents of quercitron bark {Quercuedheolor Aiton), is hydrolysed by 
boiling with dilute mineral acids. 

SubstUotes. Bearberry leaves are seldom adulterated ; the leaves of 
the box {Buxua eemfiervirens Lmn.) and of the cowberry (7oectntum 
vihs-tdeea Linn.), reported to have been used, are easily distinguished, as 
the former are emarginato at the apex, and the latter have brown spots 
scattered over the under surface of the leaf. 

Uses. Bearberry leaves are used as a stimulant, diuretic, and antiseptic 
in disease of the urino-genital tract ; they resemble buchu in their action, 
but are more astringent. 

T’.'ii’.'if-i: ’YTr\o:'M-.7f'. • ■ r- ' 


stomata on 

, . ■ ; numerous 

prismatic and cluster crystals of calcium oxalate ; taste bitterish and 
astringent ; usually imported m coarse powder ; contain 0 3 to 2 per cent, 
of caffeme and JO to IB percent, of chlorogenio acid. 

COCA LEAVES. Folia Coc^ 

Sources, etc. The coca shrub, Erylhroxylum coca Lamarck, and 
E. tmxiUensc Rusby, family Erythroxylace®, has been cultivated in 
Peru and Bolivia for so long that the plant is not kno\vn in the ^vild 
state. It IS cultivated also in Java and Formosa. The dried leaves 
are in almost daily use in Peru and Bolivia as a nerve-stimulant ; 
mixed with lime or %vith ashes of a species of Chtnopodium and chewed 
they impart unusual powers of endurance, allaying the cravings of 
hunger and the feeling of fatigue. Coca was used in Peru long before 
the discovery of America and small bags of the leaves have been found 
in the graves of the Incas. On the steep sides of the valleys in the 
spurs of tlie Andes the coca is cultivated in large quantities. Only a 
very small proportion of the coca produced is exported ; by far the 



Pio. 34. A, BoUviim end Feravivi coca Icavett. D, transvme Mction of 
the lamina of Etyihroxylum com x 330. C, tramverso eection of a leaf 
fram a bud x 4S. D, diagram of a (ranaveree eection of the midrib of 
E coca X 45. £, upper, and i', lower, epidermis of coco, both x 230. 
eoX, coltencbyma ; er, pnom of oalaura oxalate ; f, lateral line ; m, 
mucilage , jt, papilla ; jtal, paluade ; p./., penoyclic fibres , pi/, phloem ; 
*, Bloma , ry, xylem. 


CumT&tioa and CoUection- T»’* 
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In drj’ airy sheds or, in xmfnvoumblo weather, by artificial lieat. Formerly 
the leaves wore packed in ’ ' ' i"'” ‘ , 

by means of a wooden pr 

M'rapjTed in plantain Icav ’ o • 

C5 kilos) made a load for a miilo. It is now moro usual to pack the loaves 
in wooden chests similar to thoso used for tea. A largo amount of Java 
loaf IS exported in conrso powder and sent to Holland. 

Description. Bolivian coca leaves are usually fairly intact. They 
are broxniisli-grcen in colour, and oval in outline, about 4 to 8 cm. long 
and 2*5 to 4 cm. wide, the length being about txrice the breadth. 
Both surfaces are glabrous , the margin is entire ; the apex is acute 
and inucronate, the midrib projecting as a minute point (apiculus) 
which, however, is frequently broken o~ T’ ’ 

depressed on the upper surface and ■ ' ' ■ '. . .. 

on the under surface on cither side < ■ ■ , 

curved line runs from the base to the apex of the leaf at a position 
about one-third of the distance from the midrib to the margin. This 
line IS form"'^ Ia..# aa..i. j.A»f 

in the bud ' • ..*•.■ 

other half (• ' ' • • . ‘‘ . ; 

consists of • ' s ‘ I , 

the lateral reins and vcinlets being comparatively strong and hence 
prominent on the upper surface. The lateral veins leave the midrib at 
a wide angle, often a right angle, and anastomose chiefly at about 
two-thirds the distance from the midrib to the margin. Tho odour is 
faint ; tho taste is slightly bitter, followed by a feeling of numbness in 
tho mouth and tliroat. Tho small, oWong-ovoid, dark brown, pointed 
fruits are occasionally found in the drug. 

Peruvian or TruxiUo coca leaves aro rather smaller than tho Bolivian 
and more narrowly elliptical ; they are about 3 to C cm. long and 1 to 
2 fcm. xvide, that is, about three times os long as xWde. They are pale 
green in colour and are more fragile, hence they are usually moro or 
less broken. On the upper surface the ridge above the midrib is less 
marked , on tho under surface tlio two curved Imes aro much less 
distinct, the veinlets less prominent, and the midrib green in colour. 
These leaves occasionally contain an admixture of tho flowers of a 
species of Inga, easily recognised by their yollowish-brouTi, tubular, 
hairy calyx and numerous deep-red filaments forming a plume ; this 
is an intentional addition, made by the native collectors xvith the view 
of improvmg the coca. ’The pale, reddish-brown fruits of the coca 
are also occasionally to be found. 

Java coca is exported in the form of coarse powder ; it does not 
reach the English market, but is exported in very large quantities to 
Holland and Japan for the extraction of cocaine. 

Histology. The two leaves are very similar m structiwe ; the meristele 
of the midrib possesses an arc of xylem and a band of phloem with a band 
of pericyclic fibres below and alro some scloronchyraa above ; there is 
usually, but not always, a gap on either side between the lower and upper 
scIerench 5 Tna. The epidermis has straight anticlinal walls and stomata 
of the rubiaceous type on the lower surface only ; the outer walls of the 
lower epidermal cells aro papilloso, giving m sttrface view the appearance 
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of a eircio in the centre of each cell. ‘Mucilage js present in a few of the 
epidermal cells. There ja a paheado of one layer of cells and a few prisms 
and clastere of calojuro oxaJate are present in the mcaophyll. The Bohviah 
leaf has a prominent ndga, fitted Wth coIlench>Tca, ahovo the midnb, a 
marked dovelopraent of Bclcrenchyma above and below tho side veins and 
usuoHy shows tho presence of lignificd Khoblasta moat abundantly near tho 
lines of tho iindersurfaco t thsso ebaractets dtslmguifih tho BoUvian leaf 
from the Peruvian leaf which neveer possesses bgmfied idioblasts and has 
only a very ehgbt prominence ovor tho midnb. The ^'em-islet number of 
Bolivian coca is 8 to 12 andthatof Peruvian coca is 30 to 36. Thostomatal 
index of E. coca is for the lower surface 12-0 to 13 3 to 16*4 and of E. 
trttxitUen-5« is 8 4 to IQ-l to 11‘5 (Rowson J943). 

Constituents. Coca leaves contain several alkaloids, the most 
imi>ortant of which is cocaine, Ct,H},NO|, which forms colourless 
monociinic prisma -aith a bitter, benumbing taste. Bolivian leaves 
contain more of this alkaloid than the Peruvian, but the ijuantity is 
usually leas than 1 per cent. Other alkaloids are cinnamyl-coeamo 
and a-truxilline {yisatropylcocame. cocaroine, isococamine) ; these 
arc frequently present in Java and Peruvian leaves m larger quantities 
than cocaine. All these alkaloids aio easily hydrolysed, and they all 
yield, together with other products, a crystalline alkialoid, ecconine, 
from which cocaine can be regenerated. Thus cocaine, when hydro* 
lyaed, yields methyl alcohol, beraoio acid, and cegonino •, cinnamyl* 
cocaine yields methyl alcohol, cinnamic acid, and cegonin© ; and 
ttuxttlino yields methyl alcohol, truxilUc acid, and ecgoninc. Eegonine 
is very closely allied to tropino.; «*truxilline \s a powerful heart*poiaon. 
iSeo under " Belladonna Herb ") 

In leaves imported from Java bcnioyl-pseudotropine or tropa* 
cocaine has been found ; this alkaloid yields, when hydrolysed, benzoic 
acid and pscudotropine, the latter being iaomeric with tropino. 
Tropacocaino is less toxic than cocaine ; its anjcsthetic action is more 
prolonged; it ia used for lumbar aiticslhcsia. Java coca contains {torn 
1 to 1’5 per cent, of total alkaloid , it also contains four yellow 
crystallmo glycosides. 

Coc.a leaves contain, in addition, cocatannio ncid. 

Tlic alkaloids aro localised chiefly in the epidermal cells, particularly 
lho«ic of the upper surface, and in somo of the parenchymatous cells of 
tile Rccond.srj* veins 

As most of tho cocaine of commerce is prcp.nrod synthetically from 
pcgouino, coca leaves ato tiovr usually assayed for tho amount of 
eegonine it is possible to obtain from them 

Uses. Coca is a stimulant tonic and restorative, and is used during 
eonvftlt-iceiice. Cocaine hydrochlonde, when administered hjqioder* 
inicaUy, or applied to an exposed mucous Burfnee, rapidly paralyses 
the Rcu-Horj nerves and thus produce* local ai\»sthesia It i-s therefore 
oi great %-n!uo and much used in minor surgical operatioiw of tile ej-e, 
nose, car, etc. 

AZ^XA^IBRIAK UIAVZS. Folift iUextutdtuue. 

Alexandrian Senna Uaflets, Senna Aiexandrina 

Source etc, Alcxamlrian senna comista of the lc.ifiet« of Ca$ift(t 
afudfoiin fK-lvk', family Legumioos!!!, » amall shrub from 1 to i-5 
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metres in height, indigenous to and sometimes cultivated in the middle 
and upper Nile territories The medicinal value of the pods and leaves 
of the plant was kno^vn to the Arabian physicians of the tenth and 
eleventh centuries, through whom European physicians probably 
became acquainted -with the drug. It was formerly exported from 
Alexandria, but now reaches the European market from Port Sudan. 

Cultivation and Collection. Alexandrian senna is collected almost entirely 
from wild plants in the ©astern part of Kordofan Province, in the "White 
Nil© Province, and along the courso of the Nil© from Khartoum to Dongola. 
Cultivation of sorpo sort is becoming more common, especially in the 
neighbourhood of Khartoum, and sosults in the production of a larger 
and finer leaf. The branches are collected when the fruits are fully 
formed, but are still unripo ; they are rapidly dned in the sun. The 
bulk IS brought to Omdurraan, where it is sold by auction under Govern- 
ment supervision. It is then cleaned and graded into whole leaves, whole 
and broken leaves (“mixed” or “halMeaf” senna), siftings and pods. 
The pods and large stalks ore first sifted out and tho pods separated by 
hand. That which has paa5sed throi^h tho sieve is then “ tossed ” on large 
shallow trays, by which the whole and fragmentary leaves are separate 
from tho heavier stalks and sand. The leaves are then freed from the small 
fragments and very email leaflets by sifting, giving “ siftings ” and 
“ mixed loaves.” fVom those mixed leaves the whole leaves, if required, 
ore picked by hand. They are usually packed in mats or bales without 
pressing, railed to Fort Sudan, and shipped thence (largely) to London. 

Bescriptioa. The plant produces a paripinnate compound leaf 
about 10 cm in length. The leaflets are about 2 to 4 cm. long and 
7 to 12 mm. wide, and, irhen dried, are pale greyisb-green, thin, and 
brittle, lanceolate to ovate-lanceolate in outline, the widest part being 
below the middle ; the margin is entire and the apex acute and 
mucronate. They are unequal at the base, and on the under surface 
the veins ate distinct ; both surfaces of the leaf are pubescent, small 
whitish hairs being distinctly visible, especially near the veins. L«eaves 
from cultivated plants are less rigid, thinner and narrower than those 
from wild. Tho leaves frequently appear in commerce in a more or 
less broken condition duo to their brittle, papery texture. They curl 
slightly as they dry, and, being loosely packed, retain this appearance. 

A small proportion of stalk, consisting mainly of rachis with a little 
stem anil not usually exceoiling 1 or 2 per cent., is always unavoidably 
present. Tho lea/-racftts is slender, about 7 to 10 cm, long, and has a 
‘ ■ *' ” ' ' ' , " ■ “scars, 

. , .. )f the 

■ . . . . inded 


vuscuiui' ounuiu. iuo siw* ts pm,uni m very siimu amount, it is anout 
2 mm. m diameter and is slightly angled, Fig. 35, H and (?. 

Alexandrian senna has a faint but characteristic odour and a 
mucilaginous, mawkish, unpleasant taste. 

Histology. A tronsverse sec ion through the midrib shows tho palisade 
continuous over tho rneristelo, but absent on tho underside, whore the 
midrib proiects only slightly. The meiistelo consists of a radiate xylera 
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find phloem with an arc of perioycbc fibre? below and a compact mass of 
eclerenchyma above. The lamina is isobilatoral, having a single layer of 
pftiisi^e beneath each epidermis. The antiolinal walls of the epidermal 
cells ate straight and there are etomata of the tubiaceous type on both 
surfaces m obout eq«al numbers. Many of tho epidermal cells contain 
mueilago deposited upon the inner periclmal walls to fill about half the 
volume of tho cells ; tliis mucilage stains red with ruthenium rod reagent. 
The epidermal tnchomos are utucellular, conical, tluck-walled and with a 
warty* cuticle ; they aro often curved near the base so that the limb is 
appreasod to the epidermis ; they ero about 70 to 260 microns long and 
12 to 18 to 25 microns wide. Tho j^ihaade cells of the upper side are 
longer than those of the lower side, which latter have wavy anticlinal 
walla. The veins are of two tyjxjs, larger ones which form a network and 
are accomxianied by prisms of calcium oxalato about 4 to 10 to 20 to 25 
microns and withm the meshes of those la^er vomlets, a network of mote 
slender vcinlets, which ato not accompanied by crj’stals. Cluster crystals, 

8 to 16 to 20 to 30 mrorons, occur m the palisade and spongy tissue, but not 
usually near the vems. The vein-islet number is twenty-five to thirty and 
tho palisade ratio is 4 5 to S 5 to 18 for the upper epidermis and of 3-5 to 
7 0 to li'S for the lower epidemua fGeorge, 1043}. 

■Hie etomatal index for both surfaces is 11-4 to 12'2 to 13 0 (Rowson, 
1043). Thceo numerical values are all available to distinguish Aloxnncirsan 
from Indian senna and can bo used m support of one another } boo also 
under Indian senna. 

Constituents. Tho chief constituents of Alexandrian senna oro 
rhein, aloc-emodm, ksmpferin and isorhamnetln, all four substances 
oceumng both free and in the form of glycosides , ksmpferol, myiicyl 
alcohol and a phytostetoUn (phytosterol glucosido) are also present 
(Tutin, 1013). Tho leaves contain in addition mucilage, calcium 
oxalate, rcein, and amorphous glycosidic material. 

AJott-emoclin, C,iIf»0,(OK),CH»OK, brownish-grtjDn needles, « hydroxy, 
niothyldihydroxj'anthraquinone and is tho pnmut^- alcohol corrosj'ronding 
to clirj-Bophanic acid (brttor termed chiyeophanol), which is dihydroxy- 
mr-thylanthraquinone. CmH, 0|(OII)|COOH, orango needles, is tho 

corrcBposuling carboxylic acid and may bo formed by tho oxidation of aloe- 
emodm. Both alop-oinoiUtt and rhem exist m the froo state and m tho 
form of glycosides. 

K(cmpJerol, Cj|H40,(OH)4, is 1:3. 4-tnhydroxyfiavouoI (bright yellow 
(UMxitoB}, and is yielded together with dextrowj by tho hydrol3*8is of 
ksnmptcnn, CVrU^jt, 011,0. 

ItorhamtitUn, U,IImO„ yottow nocsUcs, was first obtawml (tore yeJlow 
sndlfiowcrK. 

Of these constitueuts aloo-cmodm «h< 1 its ghicosido oppour to bo iho only 
pmgntivo ones. Tim total amount of motJij’lanthmqumouo ilcnvativcs 
pre-s’nt m ».oniwv bos boon s-anously cstimato<! at 1 0 to 4 0 per cent. 
Mminn{I927)fouiulmfholoas’cnofC'.«cwt*/o(ia l BSporemt audmthoso 
of C angui^ifolm I'35 per cont , a proportion that is not consistent witli 
the purgftlu-o action of the drug, owl tho tnio active coastituont is 
np{>nre«tl> rtih uiihnown. TJiepnsmncoef anthrnfiiiinone dcriviUivcK may 
l>^^ shown by the Irvit givra under Uhuborb," p. 320, 

Substitutes and Adtfiterants. Cbssia oboiufa Collodon (dog senna}, 
UpjXT Egr-pt . formerly hichly valued as a tlnig. and cuUivatcil in 
lUly and sometimes tcrnvni Italian senna . leaves bro.adly obovate, 
apex abruptlj' tapermg, venation pinnate, distinct ; constitucnta 
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similar to those of seima ; total oxymothylanthraquinones 3'8 per 
cent, (according to Maurin, 1*10 per cent.) ; about equal to senna in 
activity. The leaves are sometimes broken up and mixed Avith broken 
Alexandrian senna ; they may bo recognised by the papillose cells of 
the lower epidermis. 



Fio. 35 A, leaflets of Cassia anguslijolia, Indian senna, showing bale* 
marks, B, leaflets of C. aeutijolia, Alexandrian senna, C, leaflets of 
C. angnsujoha, Arabian senna. D, lenfleta of C, o&oi-afa, dog senna, 
E, rachis of O. aeutijoha, F, stem of O. acutiJolM. All natiu'al size. 
//, transverse section of stem of C, acuUfolia. Q, transvorao section of 
rnchis of C. ac«<i/ofia, both x 12. b, bud; c, cambium; col. collen- 
chjTna ; cor/, cortex ; cr,, prism of calcium oxalate ; cr,, cluster of calcium 
oxalate , ep, epidermis ; g, groove ; lx., leaflet scar ; p pith ; p.f., 
pencyclio fibres; ph, phloem; psel. pericyclio scleronchyma ; scl, 
sclerenchyma ; xg, xylcni. 

A rabian senna, obtained from tvild plants of C. angustifdlia ; collected 
in southern Arabia, shipped from Hodeida to Port Sudan and railed 
thence to Cairo, where they are cleaned and graded similarly to 
Alexandrian senna and exported. Elongated lanceolate ; inferior 
qualities often discoloured and mixed with stalks : sometimes mixed 
with Alexandrian senna, but may be distinguished by the shape and 
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also by the vein islet numbers (see p. 104), They contain about 
2-5 per cent, of total oxymethylanthraquinones. 

Mecca or Bombay senna is also obtained from C. anguslifolia in 
Arabia ; the leaflets are xisually more dongated and the colour darker. 

The leaves of the following plants have also been reported as mixed 
with or substituted for senna : — 

Cassia aunculata Linn. (Pftlth6 Senna); small, oblong or obova^o^ 
cn 

. . ' veins, . 

- ‘ 

■Nubia, Kordofan; resemble senna in colour end outline, but are distinguished 
by tlieir thick, rigid texture and peculiarly curled, curved, or twisted appear* 
anco ; surface finely wrmkled ; veins not evident ; leaf equal at the base ; 
hairs throe-colled ; tasto distinctly biltor ; formerly regularly mixed with 
the senna but now of rare occurrence- 

** *, ■ obovate-oblong, 

. . . frmts narrow* 

ColuUa arborescena hmn., family Leguminosaj ; green, very thin. 
Ailanihus glanduiosa Desf. Large tnangular-ovste leaflets 7 to 10 cm. 
long, strongly striated cuticle, no stomata on upper epidermis, cluster 
crystals near veins. Seo p. 285. 

Olobulana Atypum Lim»., family Globulariaceae ; (Provence Senna) { 
spathulate, rounded apex, mucronate ; pnsms of calcium oxalato in the 
epidermal cells. 

Coriaria myrtijdlia Linn., family Oonariaceae ; ovate-lanceolate, greyish* 
green, two prominent lateral veins, conspicuous midrib. • 

■(Tses. Senna stimulates the muscular coat of the intestine and 
produces purgation, which is not followed, as is commonly the case, 
by constipation ; it is therefore one of the most useful of purgatives, 
especially in cases of habitual coastipotion. 

INDIAN SENNA LEAVES. Folia Senna) indfem. Senna Indica, 
Tinnevelly Senna, Sennse Folium, B.P. 

Source, etc. Indian or Tinnevelly senna consists of the leaflets of 
Cassia angustifoUa 'Vahl, which is indigenous to southern Arabia, but 
is cultivated largely in southern India, especially m the district of 
Tinnevelly, in the extreme south-east. Here the plant attains an 
unusual luxuriance, and produces larger leaves than the Arabian 
wild plant. 

^tivation and Collection. Tinnevelly senna is cultivated on 
irrigated land. Tlie leaves arc carefully collected from the plants by 
women and are spread out to dry ; they are then sorted and packed 
into largo balc«, using hydraulic pressure. The drug is exported from 
Tuticorin. 



1^10. 36. Indian senna, Cassia anyuHifolut, At diagram to show marginal 
portion of a leaflet with two types of voinlet and prisms of calcium 
oxalate rep. by dots, and clusters rep. by crosses X 30. a, cluster crystals 
X 220 ; b, large veinlet with prisms of calcium oxalate x 320. S, 
transverse section of lanuna X 200. G, lower epidermis X 200. D, upper 
epidermis X 200. c, cell contents ; I, elongate cells under the midrib ; 
tn, mucilage; pa’,, upper palisade ; pal,, lower palisade ; p/., pericyclic 
fibres ; stoma ; trichome. 

compressed bales, are usually flatter and show faint oblique or 
transverse markings where the midribs and margins of other leaves 
have been impressed. There is also a slight but perceptible difierence 
in the odour of the two varieties. It is, however, quite possible to 
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select from the two varieties exceptional leaves that are indistinguiah- 
able from one another. 

Histology. The structure ot Indian senna xs closely sinular to that of 
Alexandrian eonxia and it is not possible to distinguish powders of the two 
varieties by rnicroscopical exaniuiation. It has been stated that differences 
m the number of tnchomos and the distance between them and also lu the 
arrangement of the subsidiary cells of the stomata can bo used to distin- 
guish the two vnnetice, but these characters oro unreliable. Fragments of 
broken leaves, if of suflicient stto, can be dtstmgixwhed by the vem-islefc 
number, which for Indian sonna is twenty to twenty-tlireo. Smaller 
fragments such as «ro present in fine powders, e.?., No. SO. can bo distin* 
guislied by tlio palia^o ratio oml by tbe stomatal index Tho pahsado 
ratio for the upper aurfaof* 13 4-0 to 7 5 to 12*0 and for the lower Burface 
2-6 to 51 to 10-5 fGeorge, 1943) , tho etomatal index is for both surfaces 
nd to 18 7 to 20 0 (RowBon 1943) 

Constituents, Tho constituents ot Tinnevelly senna are identical 
with thoso o! Alexandrian senna 

SohstJtutes and Adnlterants. Tinnevelly senna is usually free from 
adulterants. 

WnCH'HAZEL LEAVES. Folia Hamameliflis. BamameUs Leaves 
Soorces, etc. The witch-haxel, UnmamtUs virgtniartn Linn,, family 
Hnmamehdaccco, U a common shrub in the United States and Canada, 
It attains a height of about 3 metric, and aomowhat rescmbloa tho 
common hazel in its leaves. Tho dried leaves alone aro official, but the 
fresh leaves and twigs nre employed for tho preparation of Liquor 
ilamamelidis. Tho bark also is used in medicine. 

Coliection. Tho leaves ntvs coHoctod iiv tho autumn and aro carefully 
ilriefl by (Iw «un’« Jieat by Bprwuling them ort shfttiqw trays which ftro 
Rtiurk«l m rough shedi, about 4-5 metrew lugh, with open sides and a 
sltqnng roof of comignied iron, nio sliado provjiled by tho «Iie<is protects 
the lenvc>i from the direct notion of tho light And heat of tho him and eo 
rosnltn in producing n commercial leaf %nlh a good green colour 

Hesenptioa. Commercial witch-hatcl leaves tiro usually m a 
somenbat indi'flerent etate of preservation, being frequently dh* 
colourwi. broken, and pressed together into more or 1 ms compact 
mashM. WeU-prcscrv<si inll-grown Icavts aro of n dark green or 
browniih-grecn colour, about 4 to 15 cm. long and 3 to 10 cm. wide. 
Tlicy Ate firoadly ovate or roundcct-obovatc, the ba«e of the knima is 
oblique and usually cordate ; llic petiole is abort , the apex h acute, 
but is often impcrfi-ct and then apparently obtuse. Tlio mnrgm n 
cmruely crenate or even sinuate. On tho under surface the midrib is 
prominent, and tho lateral win-s, which are also very distinct, branch 
from it at an acute arigle. and nm etraiglit to and terminate m tho 
crynation-s of the margin. In the angles tints forinwl and on the veins 
tricbomes — which have a fharacteristie branehing form — nn* usually 
III Ir* fuuiitl ; they an* iiioiv frequent «w young leavt's, v«tj young 
h-aves 1 h-»ip lirown m colour and denstdy bair.v. Tin* Ic.avcs have only 
A slight oilour, hut « decidedly Mtringcht and somewliat bitter fasto. 
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Associated with tho leaves is a small proportion of the stems including 
some pieces with fruits attached. Tho amount of stem should not exceed 
about 3 per cent. Externally the stems are greyish-brown ; tho ordinary 
twigs are slender with elongated intomodes« about 3 or 4 cm. long, and 
alternate leaf-scars ; the flowering stems are rather thicker, with very 
short mtomodcs and bear small frmts. The transversely cut surface of tho 
twig shows an outer thin layer of cork, beneath which is a narrow cortex j 
at the centre is a small irregular pith smroimdod by a radiate xylem, 
outside which is a narrow phloem with niunerous small groups of lignilied 
fibres and a poricycle composed of a narrow band of sclerenchyma. 

The fruit is a small woody capsule, two-celled, dehiscing at tho apex to 
form two halves and containing two seeds, which aro edible. 

Histology. The midrib projects strongly on tho undersurface of the leaf 
and contains a meristele which consists of a central pith surrounded by a 



Fio. 37. Leaves of A, HamartKlU virffiniana; B, Corylut av«Uona Linn, 
(common hazel) : OtCaataMavulgaritlAxa (sweet chestnut) ; fruit of 
Hamamelia vxrginiana , D, a, elongated shoot and dwarf flowering shoot 
of Hamamelis virginiana. 

cylinder of xylem, cambium and phloem, above which, and separated from 
it by parenchyma and phloem, is o gutter-shaped xylem mass with phloem 
on tho underside. As the apex of tho loaf is approached, tho tubular 
xylem opens above to form a trough, which gradually becomes more 
shallow, and the upper xylem ultimately disappears. Surrounding the 
whole vascular tissue is a sclerenchymatous poncycle, external to which 
is an endodermis having prisms of colcium oxalate, about 10 to 35 microns 
in diameter, in its cells. The epidermal cells ot both surfaces have markedly 
wn\’y anticlinal walls and on the lower surface only there are stomata of the 
rubiacoous type. Stellately arranged trichomes consisting usually of 
four to twelve xmicellular branches, and more rarely solitary unicellular 
trichomes, occur on tho lower surface ; the palisade consists of n single 
layer of cells and is discontinuous over tho midrib. In the mosophyll are 
occasional lignifiod linear idioblosts, which usually extend completely 
across tho lamina ; there are also numerous tannin cells. SeoFig. 29, p. 105. 

Constitnents. Witch-hazel leaves contain hamameli-tannin, gallic 
acid, a little phlobatannin, calcium oxalate and in the fresh leaves a 
trace of volatile oil. 

By distilling tho fiesh or drie<l loaves with water or dilute alcohol, a 
distillate is obtained possessing a distinct aroma, different from'that of tho 
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<hcin«i«ivv». «{u<« jimbnWy t« «ww> inxxlwcf «t 
Uf\wjr (lUU), which H in»l<* V iiwtcnih»K »J«* !n«h Jmvi'i 

with thhiNj alcohol Mt«l ilMtiHmp. emiiatn\ ui /wMlfion h> tho nnannljc 
boi.v flHmh'tl to, ft tmc«« trf i>roloc«t«»rhuic natl. 

linmainclin iHft tnat\iro«f Ku'hsl*itc«'^ohtain»Ml Viy oxtrj\etiiig llw loftX'M, 
or somflimoa tbo bark» with wttwiig nlcohnl juyl cN«lvrftt>fts tho t|nctutt> 
tlm^ oblaititnl. 

Uses. WitoJi*hntp\ icavcft ftto astringent and hrcmoalntic. 
iWnitKrants, Loaves of the cUcstiMit, CwCirnfrt euljam Lam., 
sometime.^ occur admixMl with witch-haicl ; they are dUtinguUhetl 
bV their oWong -lanceolate shape, sharply serrate margin, clo'<ier 
arrangement o! the side veins and the e«b-rcctangular shape oI the 
vem-UWta. Leaves o{ Corj/fuft arflhina Lmn., the common haxel, have 
also been reported as an adulterant. They aro ilislingulshed by their 
broader shape and biserrato ms^in. sco Fig 37 B. 


HEOTiA L£A7£5. Ihe Iwn-cs of Latcaonut albr% Lamarck {h. intrrnit, 
Littn., family Lythracoail, o sltnxb leult^nom to irgSTTf, Amhcft, Petnui, 
India. Ix-nvci grrt’«u*hd»rown, oblong or broivny Janceolate. opposite, 
simple, ghvbroiw, entire, shottiy j«>tiolrtte, inucronftte, tftjvrwp ot tho 
base ; 2 to 3 cm. long, I to 2 cm. wulo ; ■with occftsionftl stenv* ntul brown, 
ephcncttl fruits with tbm pf'neariw and numoroiwi, sniaU, brown, tnangular 
pitted 6e«U j often importeil m coftrso j>owdcr ; (tecoction orange-brown, 
fading on tbo oilduioii of ftctd, deepening with alkaho'i. Cbutnin lawiioii, 
Ci»H«0,, oiwjgo erjvfab melting Bt 100“ to 155* (24ij-Urov>*.1.4.nflphtho- 
(jtimono) and intmiuto. 

Uses. Henna leaves am us«l chiefly ns n dyo for tho hair. 


RASPBERRY LEAF. 

Rnbi Ithsi Fohtun 

Sources. Raspberry 
leaf consists of tho drieit 
leaflets of JSu5us /ifwws 
Lmn , faintly Kosaeca? 
The raspbeny* is indi- 
genous to and IS widely 
cultivated m Bntaui. 

CoHectipa. The loaves 
are removed from the 
canes after tho eolJectian 
oftbefruits. ThoJenflots 
are Btrippwl from tho 
rachis and epreail out to 
drj’ in aiT^- sheds or m 
dr>Tng chambers at a low 
temperature. 

DfiSCttplion. Tbo drug 
occurs os moro or less 
compressed roossea of 
crumpled and folded leaf, 
lets which are sometimes 
also coarsely chopped. 
The leaf of the raspberry 

IS impanpmnato with 

three to five leaflets. 
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which arc sepsilo on the rnchis. Tho leaflets are about 3 to 12 cm. long and 
1-5 to 9 cm. Wide, tho lateral leaflets being ovate and the terminal ones 
usually larger and somewliat cordate at tho base. The lamina is entire ; 
venation pinnate ; the midrib sometimes bears a few small prickles on tho 
basal part of the imdorsurface and it terminates in the apex, beyond which 
it forms a fine projection ; the secondary veins terminate in the apices 
of the margmal teeth, each of which has a fine projection ; the margin is 
irregularly serrate ; tho apex is acute or acuminate ; tho upper surface is 
olive-green, with a few appressed, glistening trichomes, the lower surface 
IS greyish-whito and tomentose ; texture, thin and brittle. They have a 
slightly astringent taste and a pleasantly aromatic odour. 

Constituents. Raspberry leaves contain tannin and a water-soluble 
prmciple which relaxes the smooth muscle of tho uterus and intestine when 
m tone ; the same principle contracts the uterus when not in tone. 

Uses. An infusion 1 m 20 of hot water is used as an astringent gargle 
and also for relieving pain arising from the activity of tho uterus. 

FOXGLOVE LEAVES. Folia Digitalis. Digitalis Folium 

Sources, etc. The purple foxglove, Digitalis purpurea Linn, family 
Scrophulariaceaa, ia a biennial herb, widely ^stributed throughout 
Europe and common in England, where it is cultivated as a garden 
plant, as well as for medicinal use. It appears to have been long used 
as a domestic medicine for external application ; it was introduced 
into tho London Pharmacopooia in 1650, although it did not come into 
frequent use until about a century later, when its therapeutical 
properties were investigated by Wthcring (1770-1770). 

Cultivation and Collection. Because of their small size, the seeds are 
mixed with sand for sowing, which is done in seed-beds in the autumn. 


August, Next year the flowering stems, which begin to appear, ore cut 
. ~ • - - V . _ . . . r be 

* ‘ . • • I lich 

. • • ■ for 

several years in succession, instead of dying down at the end of the second 
year os usually happens when the plant is allowed to flower and fruit 
freely. 

Tho leaves are collected in dry weather and are dried a« rapidly as possible 
at a fairly low temperature. The drying should be done in darkness and 
two methods are used. By one common method the leaves are spread on 
traj's with a fairly fine wire netting bottom and stacked on runners m a 
well-closed, dark, drying-shed heated by hot oir from a furnace in the 
basement and ventilated above ; this ptroceas takes from four to ten days. 
A second method of drying is to put the leaves on the heated shelves of a 
vacuxim drying-oven when the whole operation is completed in a few 
hours. The dried leaves are stored in the drying rooms till needed for 
distnbbtion, when they are packed in well-filled, air-tight containers such 
as well clos^ tms or the powder may be put into small bottles or ampoules. 
When the leaves are packed the moisture present should not exceed 6 per 
cent. 

Description. Foxglove leaves are usually about 10 to 20 cm. long 
and 4 to 10 cm. wide, but under cultivation may become as much as 
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40 cm lone and IG cm. -wide ; the upiwr surface h deep green and 
crevish. the lower pale green and more grey; the lamina is ovate- 
lanccolato to broadlv ovate, simple and entire i the margin » crenate 
to serrate and the base decurrent ; the venation is wimate. the side 
veins leaving the midrib at an angle usually less than 45 degreea, 
curving towards the apex and anastomosing near the margin ; a 



Kto 3'J fiufT>vrf>r I InflofvwetMrc S I'ohape Jpnf 3 Corotfa. 

Uiil ci'<*n t Yowng fnni 5 Itipo fruit 6. Trmv«\vr«* wtrtion of tbo 
ov*ry 7 S>^1« >15 K Tooth of tW mar};in k r» 


vcinlH ends m each tooth of the margin and the vcinlcts generally arc 
prominent on l]»e «!«U*r surface of the leaf ; the upper surface ia 
puWcenl ami the lower surface strongly pubescent, the tciture is 
papery; the petiole is short and winged, the lowest veins running 
down 'the wnngs . the odour ii somewlmt tea.hke and the taste hitter 

UhloloJrr. Tlw mvint projeetR ilrongb' on tlio lower surface ajid 
eonlaiti* a ni''n'‘te}o haMnR a slutltow pittor-dinpcil rojlmto xj-Jem, 
li«vMvlh which IS a narrow ptdorm nJvd on tlie upper aide a httlo poren- 
chjnus ; tn4ow rW plihwm ia a of coUcnctij-ma on<t 

wlmli* rtv'n«t«'l'' *< *nrTouiwl«l hy on wutcutt'rmin eorUAining starch 
trrwfmW . tit'’ tt-mamiW of ll>ei tlic mulrih u tlnn-wallwl ccllulotiic 
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nnd n moleciilea of a sugar narocd digUoxo=e vliile gitoxiii yields 
gUoxigctun and 3 molecules of digftoxoso. Gitalin* when hydrolysed, 
viclds gitoxigcmn-hvdrate and 2 molecules of digltoxose. There are 
therefore at least fire glycosides in dried foxglove Jeaves, and in 
addUioti a ydlow flavone' colouring matter, UiteoUn nnd a saiKinin, 
digifsaponin. 

(0 2 to 0 3 jv'r crut.). ih a wclUh'fmM!, colourlpfw, 

crj-fitaHm**. bhtorwib^tnnce, ifi«Eol«Wei« water, but neverthelesf 
jwmsitiK tnto’holmir.n m AppreemWo «iuantity when foxglove leaves arc 
lufu-Msl m itmt mmsirmirn It »s the most toxic of the active constituents 
of tlie iMives. an<l is cumulaliio in action. Loirig «pjinn>utfy fixwl by tlio 
ttmspSes of thn iipnrt It may ideutifuHl by Keller's reaction, which 
consists m diAsoh'ififi it in glacial A«*lie acjil. aihiinp a ijrop of ferric 
cltlon'h' r<diitiori, nnd tlicn, gi-utly, a stmtum of sulphuric acid ; the upper 
|i«rt of the Inner is coloimsl re«!. Mhdct oliove this nn mthgo blue hand 
prnilually opiyaTn. The firvt jenT’s 1envi*s contain ns much digitoxj'n as 
iIk’ •M'rond. tin' quantity of diRjtoxm, liosccvcr, mpHlly dimmish^ tottunls 
the «s»d of floucriHR 

<7i<nfm (0 3 to 0 0 p'r cent > is »»ohiblo in water , it 1ms a marktsl action 
oil till' heart, nnd ns it is not ciunulative n is IjeJiovisl to Iw more valuablo 
thempuiticnUy than diRitoxm 

lhijUoTo»f IS a Rugar jsTiiliar to foxglove, it is irganhxl ns a dcnvntivo 
of p’«ti>»e and IS dcscnlx-^l clwmicany as deoxy^neth.^ ljv*utfv«e. 

The active coustitneius of foxghne aisHU an' • Jtiyilorin (see alxive}. 
fhjiMhn, a crj'sfaUmc. water-sohiWe. active rIjcoshIi', Dtyilonut, a 
erj-stafline anponm 

Tim diRitahns of coimncrco opp'or to W varmhh- imxturrs 


I'oxglow leaves incrense the artivily of muveukr tissue, 
rs|a*mUy that <if the heart and artmolcs. and is emplovtxl in most 
forms of raithao fadun* fhgitoxm U cumulative, ami tKe action of 
prv|Kirnt«ons of foxploie must therefore l«e wnichcd 


Related Dram* Tho len\e« <if tin* f»l)o»ii>R »}vs:>t's of iKTur ns 

Miiieli'S «>( f««min**rr'‘ and are iixst iii«-«hcmftllj in the Mune wa\ ivs iho 

1.^1 oa of /i fiurfit/rr-t 

luUrt l.u»n , M A plant similar iii iMii'ral habit In li purpurui, 
but with siiuvilcr fUmriv, lm\tiic>« liow corotlns , it is a nntiM' of «>iiitheni 
Aiid isr^icm luid IS riiltivat'st in lh«' LTuusl fiiaU's of America, 

Tl^ K— lie are up tn Sil cm long nnd 0 cm v» ide. hut the majority 

arc l)ot nhne Imlf tlmt site Ti)>y am id>l4ne<s4n!r, nitb nil iroh«tifict)y 
■ I .loniato marsm Iv»v»mk wn-RnUtK u-oth wi.l {ntiR.sl wilK 

hflir inHusiv-^ .11 ihi* l-k«a! Juilf .if the hnf. whirh i. olh. rwi^.. nJm<e.t 
Cl.hro.*. . tfie trim am fesr. fh«-y the im.bib nt a scry' nculn 

•j.nV an i t mil 1 for s^.nv* dofane,. i<,«»ants the njw t, while the mialW 
are uic.s..|.ici».on. ihin Rimixr an aj.j^nnn.ce siniuluiiij? n 
jrtfnlVl s.Tiam.n t’M.e-l ^nral |r-t« .bow tUl thi. |..sf n r«p»al 

in {.> IhAi ,.1 It jfVtparftt Caleuim oXfiUl.. f, At~ nl 'ni*. 

t,»ve nut 

tTa^.I,i TJ.ih t» a >]wsirs Which Ffoao «> t},e tcRioi* aijiafent 
to ti,e ir, tVntial punqs* . H Ian Innsi cti;ti\nie.l m Uucl.u.l nn'l 

t • ilc' t'lii'r'.l eiatcs b( AON-fHA. Ttc* t V‘<« tv.crnfh re~-iuh!*- 

|r 1''*’ dm kJ.SJ-. of tt.e C.*n.:Us I- .hq.J.ni «„.! ,he l.^hcej, 

fciv fr.T .1 anl, «*H th t«w)v 4 <e* ll.e h*v<f» air »cx.sle an i a}>oi{ the 
» t, »» the, . f /I , tJeJ aie Uil,-.-, ^ tle-|iUinr'n 
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is entire and m the basal half ciJiate with long miiseriato trichomes, other- 
wise the leaf is glabrous. Tho venation resembles that of D. lutea. 
Physiological tests have shown tho loaves to be from twice to four times 
as active os those of L. purpierea. Calcium oxalate is absent. The 
constituents ore the wystoJline glycosides digitoxin, gitoxm, digoxin, 
lanodigin and digilanids A, B and C. Lanadigin is apparently identical 
with digiianid C. Tho three digilanids consist respectively of digitoxin, 
gitoxin and digoxin in eombmation with in each case an acetyl group and 
a molecule of dextrose. 




D. Inrea D, larjara. 

Fig. 41. Tj’pical loaves of fw/«a and P. ianaia. 

Digitalis Thapsi Linn. Spanish foxglove. The leaves are from 5 to 
15 cm. long and 1*6 to 6 o.in. wide ; they are dork yellowish-green, lanceolate 
to oblanceolat© and have an irregularly serrate to dentate margin ; both 
surfaces are densely covered with long, \miseriate glandular trichomes and 
the cuticle is stroagly striated; non-glondular trichomes are absent. 
Pericyclic fibres ore present in the luoristelo and prisms of calcium oxalate 
are scattered throughout the mesophyll. !Ihe potency is from 1*25 to 3 
times that of D. purpurea. The constituents have not been investigated. 

Adulterations. MuUem leaves (Verbascum Thapsus Linn., family 
Scrophularicese) ; w'oolly ; branched trichomes, Kno^vn as candelabra 
trichomes. 

.Comfrey haves {SymphyUm officint^e Linn., family Boraginacea }) ; 
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lanceolate or ovate ; isolated stiff unicelluUr trichomes, toany of them 
curved into a hook at the apex. 

Primrose haves [Primula tmlsoHs Hudson, iannly Piimnlace») 
nearly spathulate ; lateral veins atraight, dividing near the margin ; 
trichomes uniseriate four to nine cdla long, also short glandular 
trichomes with a nnicellulaT stalk and a globular unicellular head. 
PlowjRwwu’a spikenard haves {Jnitla Gonyza de Candolle, family 



TiQ. 4^. l>ig!tai{t ^fuxpsi .A, B, C, I), E and F, epidemu'* in surface ■%’jeTr. 

X 115. A, water por« occurring singly. B, group of two water porea. 

Ct lower epidermis, mterneural. D, lower epiderjnis ‘beneath «t vein, 

E and F, upper epldcrini*, mterneural. */, eloma j ®l,, glandular trichorao 
with biccilufar hcailanduniceliularstalk; gl^f Vh ’ glandular 
trichomes with unicellular heads. O, tranarerws section of tholanuna X 1 15. 
cr, crj"8tal of calcium oxalate m the form of apri<>m ; epj, upper epidermis ; 
ep,, lower epidermis ; gl, ba^^e of glandular trichoma ; pal, palLsode ; 
ph, phloem ; «, stoma } xy, xylcm. //, diagram of transverse wet ions of 
midrib y. 20. eamb, cambium ; eo/, colicnchyzna ; end, endodermis ; par, 
parenchjma ; pjcol-i, pericycUo coUetichyiaa above sylem of meristde; 
pwcol.,, pericycho collenchyma betinath phloem of m'ristelo ; p./^ perkyclic 
flbrrs ; f A, phloem ; t par., iliickrned |)arench>ina ; r.6 , small vascular 
bundle. Other lettering as above. V\U after licwar. 

Goinpositai) ; margin cither entire or dentate, -nith homy points to the 
teeth. 

EUeampanc Uaits (/n«lo lldenium Linn., family Composita;) ; 
lower lateral veins not decurrent. 

TEA. Folia Tbtro 

Saaf«4, Tlio tea sfinih, TAea rinmtit Umi. (= CametUa Then Link) 
f^iJy has been cultivatofHrom time immemorial in Qiina onti 

■ " rom seed anti oro 

Tliey commence 
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to yjokl tea at tho third year and roach their full yield at about the sixth 
year. For the bc‘it teas the Inul awl tho first two leaves are removed from 
each shoot and for coarhcr vanoties tho third leaf also i-i collected. The 
Jeeves juo first tvitiicreii, ».c., jtpiTAil on trays to ti thickness of about 1 Jb, 
per sq ft and allowed to stand m tho open for eighteen to twenty-four 
hour?'. Tiioy are noJrt roUed, usually hotwcon two flat eur/accs, a process 
which breaks thn coUiilar structures of tho leaf and liberates the cell sap 
and othi ‘1 ocU contents, at tiio Bamo tirno tho leaves ncfjuiro tho charac- 
teristic twiMt After rolling tho leaves are /ermented by laying them on 
Klabs of concrole, glass or other n<m-i>arous material and inaintni'’5 — i 
temperature of 20® to 27* C. jn a carefully nd’*’®'- ' ' 

Tho colour of the leaves chaTi»^’“ 
a ixtrtod of twp to four liours 



Flo 43. Tlita «»nerwM Lmn. Tco leof. A, entire leaf natural ftize Ji, 
transverse eoction ttirough tho midrib, lid, hypotlerma , g, vessels in 
wood ; p, parenchyma; #, siovo tismio; Kh, scIermchjTnatous fibres; 
ep, stoma; at, selorencbymaloos idiolilasts. x 120. (Warnecke ) C, 
marginal tooth cleared by chloral hydrato, showing glandular tip and 
«hHtrihution of wrlcrcids arwl crystals of calcium oxalate. D, unicellular 
tnchomes, x 200 

named thease, which converts the lanmn into an insoluble roddish-brown 
phlobapbeno, and tho chlorophyll oho undei^W?^ change. Tho next process 
is f(Titig or drying flt a temperature of about 05® O., for which purpose 
tho loaves, pJacixl on trays, are earriod on an endless band through a 
heated chamber until tho moisture present is about 3 per cent. Tho tea 
is ftnoHy fitffed, gnulotl oral packed. 

In tho manufacture of grten tea the leaves are subjected to a process 
of roasting m pans hooleti by direct fire, m wJiich they are kept con- 
tinually moving ; they aro then cooled, relied into balls, and allowed 
to ferment. In this case tho preliminary roasting probably destroys 
Romo at least of the various enzymes of winch the thea-so is composed, 
tho tannin is not oxidised, and tho loaves retain thoir green colour more 
or less unchanged 

Description. The full-grown tea leaf is from 5 to 10 cm. long, tlark 
green in colour, glossy on the iq^r surface, lanceolate or elliptical in 
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outline aftd Wimt or aeunmxale at tlie ai>ex, tain-riiig at the hmo into A 
sliort stalk ; the margin m dhtawtly ond shortly scrrato, the serrations 
terminating in charactonstie, glandular tefeth which readily break oft and 
are often abwnt from maturo leaves. \Vlicn young the leaves are 
covered mth silky httirs, hut as they mature these are lost, and the surfaco 
becomes almost glabrous. This ihfferwicc is readily obsers-cd m commercial 
lea, the bud Btil! bearing numerous Iwirs (“ flosverj' " Pekoe), while the 
larger leas-cs aro glabrous or nearly ao fCongou) 

Histology. Tlie midnb is prominent below and has n broad nc^o above ; 
the palisarlo is discontmuoua ovor the menstele, which shows in trans\-ome 
hcction an arc of xylem with phloem below, the whole being siirromulal by 
a slightly lignihcd band of pencyclic fibres about four fibres broad at the 
mdest part , the ground tissue is composed of rounded parenchyma and 
contnim numerous branching, !ignifie<l ecIeronU The eptderjnnl cells are 
fwlygonal tables unth very elightly wavy anticlmal walls . stomata occur 
on the lower surface only, where they are numerous, each being surrounded 
by about three ver>‘ narrow, tangentially elongated cells. Unicellular, 
thick-wallMl, conical-Uncar trtchomeg occur on the lower aurfaeo and are 
vei^' numerous on the youngest leaves. Tlic mt^opltyll has two rows of 
jvdisaile and large hgnificd acleteids fidioblast®) occur at in,ter\’al<, usually 
fctretching across the mcsophyll from one cpalennis to the other ; ehistor 
crjstnU of calcium oxalate are Bcattcrwl throughout the parenebj-ma and 
occur also m the phloem of tho menslele Tho marguinl Ueth aro charac- 
tonstio { each ends m a small conical x>omt, wluch is glandular in nature 
and consists of an external layer of x>olisado covering a small mass of 
polyhwlrol parenchyTna j three conical points fall oft in oltler leavi.'S and a 
brown scar remains, 

ConaUtuents. Tho principal constiiueuts of tea arc cftfTcme and tattnm. 
It contains m addition traces of theobromine, theophylline, tuiemno, 
xanthine and volatile oil. 

Cajf/int or inmethylxanthme, CjlI(0H,h^40,,3I,0. on alkaloid obtAm> 
able m colourlem silky crystals molting at 235“, wa.s i-*olated from coffeo by 
Utmge m 1820 and from tea by Oudry m 1827. It occitm fiKo in inati (the 
leases of Jtfjc pamjueiww Lambert, family A<iUifahacoa', winch aro largely 
u^isl in the Argisituie Uepubhc as tea is m Hits coimlrj'). m cola sewLs, m 
guamrtfl, m the haves of tho cofToo plant, etc. T«'o contains from I to 5 j>er 
cent, lasualty 3 to 4), nino-tentlis of svlnch is apijan-ntly in combination 
with tannm. the combination lx«mg decomposctl by n-ater and tho caffeine 
Idxratisl , during the process of fonnentaltQn, tlio pefccntngo of freo 
eanome mrnsises Tlio taimui vanes from 10 to 24 per cent Bnt the 
commercml value of lea is not detvrminesl by tho p^rceritago of cnfTojno or 
of tannm contnintsl in it, but by a combmetl cousnlfration ofaoveral Itictoi^ 
auch as the aptiearance, tlio fito of tho le«\x'S as indicating their age, tho 
prf-w'nco of tip " (imex^ioiwleil leaf-bwl). ami tho tasto of tho infusion. 

r5ro6romi«/. or dimethylxanthmo. U»ll,(t/T?,h7s%0», and its isomer 
lhr<>ph>lhne an' cios-dy allicsl to caflomo, hut occur in small nrotiortion 
onh 

The hdlowing am the mo-t important drugs contaming c«fTeiti<‘, theo- 

Iminiiiie or other alkaloid fs'kingiiig to the punno group ; 

Tro. the leaws of Thrn *»rtrmi«, contammg eancme (1 to 5 p.T cent ) 
theobromine, and tlieophyllmo. ' ' 

Vojftf. tho eeesls of Cojfta oru&tca L»nn.. famifv Rubjocca-, contaimnir 
cancine (0 4 to I 5 jier cisit.) ® 

Cef.i .Vrerfr, tl,e »e«ls of C’l^i rcru Schumann, fnmdj Stereuhaceai con- 
taituiyi rafl.'ine (2 to 2 5 jvr rent,) arul tr»c«-s of ehoohromin.- 

the leases of fhx piro^ueruM Kt. Hilain', family Aciuifulutrea? 
c*-niammg enneme to 2 to 20 per eeiit > ' 
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Otiarana, tho cru-ihed seeds of PauUinia cupaim Humboldt, Bonpland, 
and Kimth, family Sapindacese, containing caffeine {2*5 to 6 per cent.J. 

Cocoa, tho seoda of Thtohroma cacao Linn., family Sterculiaceic, containing 
theobromine (2 per cent.). 

Casaina, tho leaves of Hex Casainc Walter, family Aquifoliaceie, contain- 
ing cafleino (1 to 1-C5 x>er cent.). 

Adulterations. Tea has beon adulterated with foreign leaves, ns well as 
with exhausted tea leaves that have been rolled and dried. 

TJses. Tho chief pharmaceuticol use of ten is as a source of caffeine 
which has a marked stimulant action on tho nervous system and heart, 
and is also diuretic but less powerfully so than theobromine. 

Other Drugs described as Teas. Abyaainian, Arabian or African tea 
consists of tho loaves of Gaiha edulia Forskal, family Colostracoai ; it 
contains tho alkaloids d-nor-isoephedrino (cathino), cathinino and cathidino. 

Bush tea is tho leaves of various species of Cyclopia, family Leguminosno ; 
it is used m S. Africa. 

Marah tea is tho loaves of Ledum paluatre Lmn., family EricacesD. 

Kaporie tea is the leaves of Epilobium tingiiatifoUum Linn., family 
Onagrace®. 

Jlfezican tea is Ohenopodium amhroaioidea Linn., family Chonopodiacea. 

KiUai tea is tho leaves of Vaedmum myrtillua Linn., family Ericace®. 

None of theso contains caffeine. 

SQUILL. 8cilla, Bulbus Scillse, Hadiz SciUsa 

Sources. Squill consists of the sliced and dried Bcalc-leaves from 
the bulb “T •’».<?. •.» •• r plant indigenous 

to the • . ■ ■ . • and frequently 

; ' . • • ! . • . ' most ancient of 

. • • • well known to the Greeks and Romans ; • 

« • . • . : • o European medicine by the Arabian 

I tunicated bulb, often weighing 2 kg. or 

' ■ ^ ^ imbedded in the sandy ground. Two 

varieties are kno^vn, the white and the red ; tho former is collected 
largely in Sicily and Malta and is preferred in England, tho latter is 
collected in Algeria and Cyprus, and is the variety used medicinally 
in. France. 

Collection and f reparation. The bulbs, which are 18 to 20 cm. high and 
12 to 16 cm. m diameter, are lifted toward tho end of August, tho fibrous 


slices about 1 cm. thick, which are dried in tho sun or sometimes by 
artificial heat. 

Description. The drug consists of slices which are arcuate and 
concavo-convex, being about 3 to 6 cm. long and 3 to 8 mm. wide and 
thick at tho middle point. They are somewhat translucent, yellowish- 


tissue. The odour is very slight and the taste is disagreeable, bitter 
and acrid. Occasionally the entire fresh bulbs are imported ; these 
can be successfully stored in a refrigerator. 
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Histology. The epidennis consists of mally elongated quadrangular or 
polygonal tabular cells about 30{i Trade, 35{t deep and 80 to 180[x long in 
the upper, and 60[i -wide, SOfi deep and 150 to 30t)[i long in the lower 
epidermis ; nearly circular stomata, about 30ti X 40ji, are present on the 
lower (outer) surface in veiy email numbers and also occur very rarely on 
the upper (inner) surface. The mesophyll consists of polyhedral paren* 



1*10 44. UfgiriMi vl, entire bulb about one-fifth natural size 

II, dried ehees of squill bulb x C. outer epidermis of bulb scale’ 
showing stoma, x 200. D, mesophyll of acale with acicular calcium 
oxalate ; or, embedded m mucilage, mu x 100 , 

bundles about lOOji up to l.OOOp long, individual noodles being 6 to 8u 
Wide, aI-.o embedded in mucilago. The mucilago stniiw bright rod with 
corallin-sodn, but is not colouretl by rutUonium rotl. Starch is almost 

obwif, il fiiW" - , . . ^ 


Constituents. 
an nmoqihous 
Tile drug p* 
mucilage, rams 
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alcohol, probably identical with triticin and irisin), and calcium 
oxalate in bundles of long acicular ciy'stals ; the latter easily penetrate 
the skin when the bulbs arc handled, and give rise to excessive 
irritation This irritation has, however, also been referred to a 
volatile or unstable substance present in the drug. 

Uses. Squill closely resembles digitalis in increasing the vigour 
and diminishing the frequency of cardiac action ; it is also a powerful 
expectorant, and is much used in chronic bronchitis and for coughs 
generally In large doses it produces emesis. 

Storage. Powdered squill is very hygroscopic and rapidly becomes 
a rubbery mass when exposed to moist air ; it can be kept in good 



Fio. 45. IndianBquiIl. A, tunicated bulbof Urginta \ndica KunUt. li, licaly 
bulb of SciUa iloxb. (both from Wight’s “leones”). 


condition by storage in a bottle with a hollow stopper containing 
quick-lime which maintains a desiccated atmosphere. 

TJRGUfEA. Indian Squill, Urginea 

Source. Indian squill is obtsinecl fiora l/ry*neo xndica Kunth, a plant 
resembling European squill but jtrodueixts a smaller, tunicated bulb; jt 
is found in sandy soil near the sea throughout India. The bulbs are 
collected soon after the plants have flowered, dix'csted of their dr>', outer, 
membranous coats, cut into slices and dried. 

Description. The diug occurs in curved or sickle-shaped strips, citlier 
separated or connected, several together, to a portion of the shortened 
axis j usually 1 to 5 cm. long and 5 to 10 mm. wide ; yellowish-white, 
fleshy, often longitudinally ribbed ; tougli when sbghtlj’ moist but brittle 
and pulverisable when dry ; taste bitter and acrid. See Fig. 46.4. 

Histology. Tile structure of urginea generally resembles that of squill, 
but the bundles of needles of calcium oxalate are not embedded in 
mucilage. Masses of dried mucilage, each of which nearly fills the cell 
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CHAPTER IX 
FLOWERS 

In a commercial sense the term flowers is used to include a number 
of inflorescences in addition to flowers as defined botanically. There 
are also several drugs which consist of parts of flowers and are named 
accordingly. All these structures are grouped for the purpose of 
pharmacognosy under the heading flowers. 

Convallaria flowers (lily of the valley) are actuall}' simple racemose 
inflorescences, other examples of which are found in lobelia, aconite 
and foxglove. In all these examples there is an elongated axis or 
rachia, bearing flowers on pedicels^ wliich arise in the axils of the 
leaves, usually termed bracts, the youngest bracts and flowers being 
nearest to the apex or growing point of the rachis. Other types of 
racemose inflorescence are the capitula of chamomile, insect flower, 
santonica or wormseed, etc., in which the axis is shortened to form a 
disc-shaped structure, the receplade, upon which the flowers orjlorets 
are arranged in crossing spiral lines, the youngest florets being at the 
centre where is the apex of the receptacle. Frequently in a capitulum, 
the outermost florets possess a corolla elongated to form a strap or 
ligule, as in chamomile and insect flowers, such florets being termed 
UgvlaU florets and forming collectively the rarj of the capitulum ; the 
remaining florets have a tubular corolla and constitute the disc of the 
inflorescence. In other instances, such as the capitulum of santonica, 
the florets are all tubular. The bracts of a capitulum are partly 
^ouped as an involucre below the inflorescence, when they are barren, 
I.C., having no flowers in their axils, and they partly occur with the 
florets as delicate scale-like structures named pahee, a floret arising 
in the axil of each palea. Paleoo are not always present and their 
occurrence or absence afford useful means of distinction between 
different capitula. 

An umbel having the youngest flower in the centre is an example of a 
racemose inflorescence in which the intemodes of the main axis have 
not developed and the pedicels of the flowers appear to arise from a 
common point. Umbels are most usually compound, that is, a number 
of small umbels arise from the ends of stems which are themselves 
arranged in an umbel ; this type of inflorescence odours in caraway, 
dill, feimel, etc. Another compound inflorescence is found in the drug 
kousso, which is an example of a panide and consists of a number of 
small racemes arranged in a racemose manner upon a primary axis. 
Cloves are also arranged in panicles, but the arrangement of the 
branches is opposite and decussate instead of alternate as in kousso. 

A cymose inflorescence is formed when the axis ends in a flower and 
further flowers must arise upon branch^ borne laterally upon the first 
axis. The oldest flower is therefore found at the centre of a cymose 
inflorescence. Stramonium has a didiasial cyme because two lateral 
axes arise below each flower as it is formed. In belladonna, one lateral 
branch only is formed each time, first on one side and then on the 
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other, giving rise to a monoohasial cyme, termed a cmcinnus. In the 
elder, Sambucus nigra, several braneb^ arise below the terminal 
flower and produce a polydiasial cyme. 

The inflorescences of lavender, rosemary and other labiate plants, 
are good examples of mixed inflorescences, where a number of small 
ejmes are arranged upon a paroit axis in a racemose manner. 

Individual flowers have the general arrangement of parts found in 
a leaf-bud, the short axU with undeveloped internodes being termed * 
the thahmtis or torujs, and the floral leaves arc generally arranged in 
whorls named from below upwards, the calyx, corolla androscium and 
gj-ncocium or pistil. The individual members of the calyx are sepals 
which are usually green end most nearly approach foliage leaves in 
their general character. The petals of Iho corolla are often wbite or 
brightly coloured and of a delicate texture with slender veins and a 
velvety upper surface. The andrcociiira consists of slamtns, each of 
which has a stalk -like portion or .^foment and a. head or anther within 
which the pdlen is found. The inemberB • of the gyncoemm are 
terra^ carpels and are leaves greatly modified to form one or more 
closed chambers, called the otttrics, within which the ovules aro home 
upon a placenta \ the ovary is surmounted by a style or styles and 
atigma. 

Amongst common drugs, saSron and com-silk consist of styles and 
stigmas only , red poppy, red rose and marigold of petals only ; elder 
flowers of petals and stamens. 

Collection and Dcying. Collection of flowers must always be made 
in fine, dry weather, because petals which are damp when gathered 
become badly discoloured during drying Since flowera must bo 
obtained in good condition, they must be gathered at precisely the 
correct time and consequently the process of collection may extend 
over several days or in some cases weeks, so that the flowers may be 
taken as they come to the proper condition upon the inflorescences. 
The collection is usually made by picking or cutting the flowers by 
hand, but for some types of flower, such b« insect flowers and other 
capitula, a special appliance is sometimes used. 

Cloves, ted rose and wormsecd are collected when in bud ; arnica, 
chamomile, elder and insect flowers when just fully expanded, while 
kousso ia collected after polUnatiOQ and fertilisation. 

Drying must be done carefully and rapidly, otherwise the colours 
are apoUt Most floM’ers and floral members contain volatile oil, upon 
which their pharmaceutical value depends and are therefore dried 
at as low a temperature as possible. Largo airy lofts or bams are often 
used and the flowers are spread on canvas stretched on frames so that 
air may get to both sides of the floivers. The flowers or petals are put 
in a thin layer on the canvas and ere tamed two or three times a day, 
the drying being effected at ordinary temperatures and usuallv in tho 
dark The drj-ing room should be vdthout windows becatiso light tends 
to bleach tho dehcatc colours of petals. In an unfavourable climate, 
wtJvH are sometimes dried by gentle artificial heat in special drying 
shells Rfmilar to those used for dryu^ leaves. 

Flowers nn<l floral parts diould bo packed and stored in air-tight 
containers and kept in a cool place away from the light. 
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Histology. The members of tho floral whorls, which are usually regarded 
as foliar structures, are all modified to adapt thorn to purposes of reproduc- 
tion and the amount of modification steadily increases from calyx to 
gynajcium. Tho sepsis commonly possess upper and lower (inner and 
outer) epidermises which closely resemble those of the leaves and stem of 
the same plant. Stomata are present and frequently also covering 
tnchomes ; when glandular trichoraos are present they are often of 
diagnostic value. Tho mosophyll is usually undifTerontiated and resembles 
the spongy tissue of a foliage loaf, chloroplnsts being present in most of tho 
cells Petals are much more spocialisod than the sepals. Tho upper or 
inner epidermis is frequently papillose, a comlition which gives the velvety 
appearance to petals. Tlieso papillre are ea.sily recognised both in surface 
view and m section and constitute a vorj' useful anatomical character of 
flowers. The lower or outer epidoimis is without papillic and stomata are 
often present, but in small numbers. Tho mesophjdl is thin and frequently 
consists of three or four rows of cells with largo intercellular spaces ; it is 
not differentiated. Tho colour of petals is due cither to a coloured cell-sap 
or to coloured plastids. Blue and rod colouis result from tho presence of 
anthocyanins dissolved in the cell-sap and they give red colours with acids 
and blue or green with alkalies, as in lavender and red rose. Yellow 
pigments may be dissolved in tho sap, when they aro flavonol derivatives, 
as m Qtnista, Antirrhinum and Narctssuit ; more commonly yellows aro 
due to the presence of plastids containing carotin and xanthophyll, as in 
arnica and hyosoyamus. Typical glands an<l trichomes are also common 
on petals. The vascular system is much reduced, tho delicate veins usually 
consisting of a fow very narrow spiral vessels. Tho anthers of tho stamens 
provide two of the rnost easily identified structures found in flowers. 
These are tho fibrous layer or endothecium of tlio pollen sacs and tho 
pollen-grama. Tho epidermis of tho anther may also be characteristic as 
also are any trichoraos, such as those present in lobolm. Tho endothecium 
is developed as a hypodermis and consist^s of a single layer near the 
dehiscence line, but frequently becomes graSually wider imtil it is several 
cells thick near the connective. The colls are parenchymatous and each 
contains a spiral band of hgmficd thickening, appearing in a transverse 
section of the anther as bars m tho anticlinioal piano : in surface view the 
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being tho size, shape, sculpturing and markings of tlie exinc, tho germinal 
furrows and the germ-pores. The germino! furrows or© narrow lanceolate 
areas where the exine is thinner and their function is to accommodate the 
•i ■ » - • - - . . , j ^jhanges in humidity ; in the 

■ ted. Pollen grams of saffron, 

^ , • spherical and with a smooth 

exme ; those of compo.sitous plants are spherical,' usually with a spiny 
exino and have three germ pores : the pollen grains of belladonna are 
spherical, the exme is marked with rows of fine pits and shows three 

. ’ -• ■- -'oves the 

outline 

■ , . ■ . affords 

useful histological characters chiefly m tho form, size and arrangement of 
the papiJte of the atigma. 

Classification of Flowers 

Stigmas. Saffron. 

Petals. Red Poppy. Red Rose. 
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Corolla. 

Corolla and stamens. 
Flower-buds. 
Inflorescences 
Raceme. 

Raniclc 

Capitida. 


Marigold. 

Elder Flowera 
Cloves. 

lily of the Valley. 

Kousso. 

Chamotnilo. Arnica. Insect 
Flowcre. Wormseed. Coltsfoot. 



SAFFRON. Crocus, Hay Safiron 

Sources and History. SaHron ciaiaists ol the dried stigmoa and the top 
of the atyte o! tho saffron eiocus. Crocus 
sativue family Indace®. It htw 

been used stneo very I'arly times a- 
medicme, a spico and a dyo hy tho 
Egyptians, Jow?, Qrook'S anti Uoimoni, 
and tho plant htw been under cultivation 
for BO many centuries that its onguml ’ 
habitat is doubtful. It us thought to bo 
indigenous to Greece, Asia Minor ontl 
Feiam, in winch countries »t grows wild. 

At tho preset tuQO Spam produces the 
hulk of European saffron . smallor 
amounts como from Franco. Groeco and 
Fersia. 

Cultivation, Collection and Fteparalioo. 

The croimti is corofully propnrctl by 
ploughing and manuring durmg April, 
ilay and Juno, and in July tlie corms 
arc piantoti m rows about SP cm apart 
and at a depth of about 10 cm. Four 

or five such rows oroplanteila^ then a ' A, tr.fid et.gma of 

deep wide furrow is mode, and beyond saffron with a portion of ths 
that another wide ndgo is planlwl wth «iyio, x 2 Calendula floret, 

comvs, and fio on. Somo kind of com is x IJ. C. Safflower floret, x l-S. 

usually grown in tho furrows, which (Vogl.) 
remain as pathways for the Baffroii 

collectors after the liarvpstmg of the com. Tho plants, from wlijcJi tlio 
saffron is harvested each autumn, stand w tho field for about four 
years, after which they aro dug up and the beat conus are reserved 
for replanting. Tho field is Bown with cum after clearing, and 
when it IS r»*planled tlio rtdgve aro made m fresh places. The colfcction 
IS mnclc about sunns© in fwio weather during September and November, 
Usually by women and children Tho flowers are put into baskets ftnd 
caniod to the house, whi-re the slignuw nro removed and tho corollas 
rejected. About COO gm. of tho stignias aro put on to a sieve of 30 to 
33 cm. diameter, which is supporteil ot a height of about 50 cm abov© 
ft small firo of wowl'charccal. The drying lakes thirty to forty-fivo 
minutes, tho saffron bong liimw! ovw every twenty minutes when dry 
It US brittle and breaks easily wiien handiwl. About 00,000 flowers Riw 
rcqnircit to produce 500 gm. of dry saffron. 

Descriptioa. Hay saffron fomvs a loowly matted mass of dark, reddish- 

brown, tbittened stigmas with a strong, characteristic oilour and bittoruh 
taste. ^Vllrn fresh it is imctuous to tlio touch and glossy, but aflijr 
Kee[nng, it bieomes dull imd brittle. 
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Thrown on tho stirfaco of water tho dry sligmn'? rapiilly expand, and 
tiio orator surrontulurg them alowly «‘{htimc‘< a (Jeep ycHow colour. Tho 
colour imparted to 50 ml. of water by 0*1 gm. of fafiron U equivalent to tho 
tint obtained hy dissolving 0 275 gm. of chromic nnhydrido in 50 ml. of 
water. Each stigma is about 25 mm. m length, and has tho fchapo of a 
long tube, narrow nt tlio base, wlicro it joins tJjo stylo, but broaiJoning 
towards tlio npjior extremity, whom it is slit on tho inner side. TJio Ups 
of the tube arc irrcgidorly notched and tho margin is papillose. Tho 
stjgmns arc either single or attached in thrcc-s to a short portion of the 
pnlo yellow filylo. If A little powdered Niflron is sprinkU'd on tho surface 
of concentrotod sulphuric ocid each part iclo will impart to tho acid a deep 
blue colour easily seen under a micfoscoi»o. 

Constituents. SaSron contains a tmeo of volatile oil, ft bitter principle 
(picrocrocm), a red colouring matter (polychroito ; also called crocin), a 
colourless, crj'stalhno, non-reducing substance, and n crj’stollmo hydro- 
carbon. 

Polychroito for crocin} appears to bo a mixture of glycosides which 
yield by tho action of cold dilute solution of pota-ssium hydroxide (Karror, 
1&27), fi-crocoihi in reddish eryatals, y-ctocoiin, also in reddish ctystxds 
nnd, by acidifyujg tho moOior-Hquor, o-crocotin in bluish-red crj'slal*. 
All thoso crooetins, ns well ns tho crocin itself, give tho bUio reaction with 
eoneentralod sulplniric acid, n reaction that is also j'ielded by carotin. 

Substitutes and Adulterants. Owing to its high price, saffron has tilwoys 
been subject to adulteration. Tl»c substances u«ed may bo grouped in 
three categories, viz., (n) substitution of othci materials which have some 
external resemblance to saRron ; (5) exhaustcil saRron recoloured by 
dj'cs I (c) eubstoncos added to oaflroii jn order to increase its weight. 

(o) Sfatcriftle uso<l «s substitutes may bo mixed with FalTroii or gttpfdi^ 
in plftco of saffron, tho following have been riscd : Styles of tho wiRron 
crocus, which are yellowish, slender oiul unbranehod ; sfcmicnr and strips 
of the corolla of the RafTron crocus; ligulafe corollas of florets of the 
marigold, Cflletididrt o^ietnoUs, which aro often coloured with methyl 
orange and are somotimea knomi as feminoll or Chmeso safllower j ligulate 
florets of safflower, Carlhainvs iinctorius Linn., often 'found m tlio cake 
saffron of commerce ; slender stems nnd roots of somo monocotyledons 
{eg., Carex), coloured nrtificiolly. 

(6) Rccolaration of exhoustod soffron is effected witli logwood, Brazil 
wood, aniline dyes and other syjitlictjc pigments. Most of those can be 
detected by the colour imx>artod to water, which is usually rctf, pink or 
orange instead of ycllcrw (see above). 

[c) Weigbtiug, Saffron is soroetuncs weighted by treatment with 
rainoral or vegetable oil, which also improves the appeamneo of tho drug ; 
such saffron. leaves a greasy stain on paper. Other metlioda of weighting 
are to make use of glycerin, ammonium nitrate and other substances 
soluble in water, but leaving no ash on incineration. A dotormination of 
tho aqueous extract of a sample of saffron will reveal tho presence of any 
Rudi soluble matteis. Tho aqnrous extract of penumo saffron la about 
58 per cent., calctdated on the drug dried at 100®. 

Uses. Saffron is chiefly employed ns a colouring agent, but has also 
been regarded as stimulant antispasmodic, end emmenngoguc. 

Kote. Cape Saffron, now seldom imported, consists of the flowers of the 
shrub, JjypeTia airopurpureo, Betitliam, farody Scrophulariace®, a native 
of South Africa ; it contains a yellow colouring matter, but could scarcely 
be mistaken for saffron. 

Cake saffron (“croci placentai,” **eroca3 in placenta *’) commonly 
consists of safflower florets made into cakes with an adhesive sugary 
substance. The structure of the florets ia easily scon after soaking m water. 



liED POPPY 


RED POPPY PETALS, Pelala Rhceados, Flores Rhceados 
Source, etc. The ted or field poiw, J'cjm wr Eh&as Limi . , family Papa. 
\-eraftese,Ua commonherb.doubtfullymtljgenoustoEngland, but abundant 
m cornfields and wasto -plBces thwmghout Europe and long used as a medi- 
cine. It is tie commonest British poppy (see Fig 47), and is distinguishe*! 
by Its scarlet petals and glabrous obovote fruit, about as long as broad. 

long-headed poppy, i*. dtibiim Linn., i? also ^orcunon, but is 
generolly smaller, more slcn- 
der, and possesses a capsulo 
often twice as long as it is 

CoUection. InEngland.tho 
petals are collected dururg t 

the end of Juno and the f |a * 

beginning ol July, usually by V *- 

♦women and children who put \ 

the petals m a bag auspended 'V V/ ^ 

round the neck bo ns to leave M 

both hands free. The filled 
baga are packed m hampers 

or tratoa and arc dispatched ^ 

the aarae day to the wliolo- 1? 

salere, who prepare galenicals \V 

from the freeh petals. If the ^.L ^ V;' 

petals aro to bo dried, they .^‘LA "yv iK 

are spread m thm layers on jwif.A 
canvas trays in wntrn air or ■wd»T ^ 
on a 8io\’e placed over a stove. 

Tho drjung roust bo done 
rapidly. 

DescristiOO, The two hairy f 

sepals of tlie bud fall off as 
the four dehcato crumpled ^ 

petalsexpand- The latter ore 
of a bright scarlet colour, 
with o short, dark Violet claw; 
they are smooth and shining 
above, about 6 cm. wide ami, 

breadly onipticai. with an c ^ V'v 

entire tnorgin. They hnye.' *^''' 

vehm Ire>h, on unpleoeont anJ Oowei-hurt. (After Lmilley,) 
hen.y otloor oml slightly bitter loslo. By drying, the bright sairict 
OTletir ehatiges to a dingy .nolel. The ikiIhIs ore raostly tiaod on account of 
the colouring root ter they coiitam, and aro then employed in the fresh state 

The numerous wins mn from tlio baso toward? the mnmin and ' 
anastomose freely by wry- fine brandies; the fine end? of the veins 
unite by archc?, leaving a ^ipac© about 0 15 to 0 25 mm. wide destitute of 
veia? ju-st within the margin of tho petal. 

CoMtitnents. The colouring matter of tho petnh consist? of a mixture 
ot mekocyaiun, the glucwido of cynnjdin, probably prewnt ia combination 
>^th ^ ocid (Koo p. 140). w ith a smaller quantity of a substance rcsomblmg 
the Rluco^uh- of delphmxUn It i? doubtful whether they contain either 
morphine or mocomc ncid 

'Hie pelaU of P. rfulnum contam a toxic alkaloid, aporeine. re?omblme 
tiieiMwno m it? action, and should thoreforo bo rejected ° 

U*«. Bwl ixippy petal? are employed chiefiy a? a colouring agent. 
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BED'ROSE PETALS. Fetala Rosn) Gallicce 
Source, etc. Tho rod or Proving rose, Rosa (jalUca Li'im., family Rosace®, 
IS probably indigenous to southom Europe, but has been cultivated as a 
ganlcn plant m numerous varieties OTCij^vliere, For medicinal use tho red 
rose IS grow’n in England (Oxfordshire, Derbyshire, etc.), in tho south of 
France, near Hamburg, etc. 

Collection. The cono-shapotl mass of petals is cut away from tho cahTC 
of each flou er bud just before expaasion wouhl normally occur. They are 
carefully dried over a stovo at a iemperaturo of about 35® C. and protected 
from tho light. If dried in tlio air without stove lioat, eggs of insoctsnroapt 
to be laid in tho petals. Tho drug is stored in wolhclosed vessels away from 
tho light. For the preparation of coii/ec/ionof^ roses the fresh petals aro use<l. 

Description. Tho drug consists of small cono-slinpe<l masses of petals 
about 2 cm. liigh and O'O to 1*3 cm, wido at tho base. Tho petals are 
obovate-trinngular to ob*eortlate, with a vclvot 3 ' surface ; thoj’ aro deep 
purplisli red and paler towards tho boso whom tho colour is j’ollowisli. 
They have a delicate roso-liko aroma and an astringent taste. Tho red 
colour ia changed to deep j'elIowish-re<l by acids, to green bj* alkalies, 
and deop bhio bj* salts of iron. 

Constituents. Red-roso {Ictals contain a trace of volatile oil, gallic acid 
and tannin. Tho colour is duo to tho glucosido c^'anin (micro'crj'stalline, 
dark broviTi powder, 2 iwr cent.), whieli is prol>abIy combined with on 
acid ; when present as a potassaun salt (as in comflowors) cjTinin produces 
a dark blue colour. Tho crj'stallino j'cliow substanco obtaine<l by Nojdor 
and Chnppol (1004) was iirobablj* a decomposition product of cyanin. 

Substitutes. Red*roso petals should have ottaclied a portion of tho 
paler base of tlio petal. Artificially colonre<I petals may bo recognised by 
their uniform dark ro<ldish colour. 

XTses. Tho ixitals aro chiefly usc<l meilicinnlly, in tho form of acid 
infusion, as an agrecablo aatringent vehicle or ns a colouring agent. 

Allied Drugs. Rosa coUiJolia Linn., largely cultivatetl as a garden 
plant, has jialo rod or pink petals ; formerly* ofiicial for tho production of 
rose water. 

i?<Ma damascena Linn., largely cuUn*nted in European Turkey', Bulgaria, 
tho south of Franco, etc., yields otto of rose and is the rose from which roso 
water is ofliciallj’ preparc<l. 

CALENDULA. Flores Calendolee, Marigold Florets 

is < ■ . ’ 

ob< ■ . ' _ 

numerous barren disc-florots and ono or more ro\r3 of fertile ligulato 
ray.florets. 

Collection. Tho drug is collecto<l chiefly during August when tho 
flowers are most abundant. Tlio ligulate corollas are removed from the 
capitula, spread on canvas trays ami dried in an airy room. 

Description. The drug consists almost entirely of tho hgulato corollas 
of the ray-florets, about 3 cm. m length. Tho limb or strap of the corolla 
is 1*2 to 3‘7 cm. long and 3 5 to 6 mm. broad at tho widest part ; it is 
oblanceolato and is terminated by three, or sometimes two or four, acute 
teeth ; it has four (sometimes fivo to 8o\’eu) principal veins which are 
joined bj’ arches at tho npox. Tho tube of the corolla is 1*5 to 2 mm. long 
and bears characteristic tricliomos extemollj’. The remains ^of^the stylo 
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Coastttvients. Calendota contains traces ol volstiis oiJ, o bitter principle, 
and ealendulin, the latter hemg a tftstaJess 5«\«tanre - ■ r 

(Geiger, !S16). 

Uses, _ 

water an t ■'''* 

blood. 

ELDER FLOWERS. Flotea Samhoci 

Sonre^. The (•■" — ■ " ' * ■ 

is indigenous ant • ' 



FtQ 49. SQmhvcua rtfjro L, J, 3nRot>e«ce«co «utl Jeave%. i, Corolln and 
stantMv* «.en from ftbote. 3, Tho name aeon from below 4. Vertical 
•ectjoji of the oiary 5. Croup cf fruita. Trewat'erie aection of a berry. 
(After WcutSey and Trrnicn.) 

whole o( control and southern Europe. It flowcta m tl»o early auinmer, 
producing largo polychaiiol <ytnes, about 15 trn. m diameter '■ dl 
white floTTora. The cntiw niftoreHcencca ore y 

temnm in heaps for a Jew (m”'* ’ I 

and the e.^— 

am . 

' ' ..1 ui« trrsh 

“O" •' ‘ . ivtigranco Either fre<ih or 

. ■* j*» tb<* piriMirotion of ehler-floirer «eBter, but 

tluit ■ .. horn the frpsli flowers «nple«‘Utt\t odour, which it j<» wild 

to lost* when nsliMiille<t «lt»*r liavtiiglioen kept for come wpek%. 

Descriplion. Dunne drj-mR tlie coroUna ahrjvfh so that details of ttieir 
struciisre nt>> olxcuwvl Aiul thn druR cojj^jiIh of small enintplwl tnA<we« 
alsmt I 5 to 3 nun m diameter, mixctl with a W small stalks and flower- 
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buds ; the whole is palo brownhh-j'oHow, with a pleasant odoiir and a 
bitter taste. The fresh corollas nro rotate, about 4 to B mm. in diameter. 
With five ovato lobes and a voiy abort tube, into which five stamens with 
ahort filaments and yellow anthers aro inaortod. TIio ovary is inferior, 
threo-celled and surmounted by five green caljTc teeth. 

Constituents. Elder flowora contain about 0*3 per cent, of volatile.oil, 
which may bo obtamed by distilling the fresh flowers with wafer, safuratmg 
the distillate with salt and aliaking it with other ; on evaporating the 
ethereal solution tlio oil is loft os a yoUowish buttery mass. Tlioy also 
contain rutin, a yellow, cryataUino eubstnneo, found also in EichtchoUzia 
flowers. 

Substitates, etc. Some commercial samples of cider flowera consist of 
the dried ojirnca freed from tho larger stoma of the floral axis and they 
consequently contain much small stalk as well ns tho o^nricsand calyces of 
tho flowera and some immaluto fruits. The flowers of various small 
composite plants («.y., Achillea JV/iffr/of»U)» Linn., family Corapositro) are 
sai’ ‘ ' V ' w . . » ..v" ' mjjQ inttor canjw 

ens ■ • , • • . . ■ 

' • ‘ which, however, 

13 a comparatively rare plant, aro distinguished by thoir dark red anthers. 

Use. The fresh flowers, infused in melted lard, yield oWer-flower 
omtmont. Tho dried flowers aro itsed usually in tho form of an infusion 
as a diuretic and sudorific. 

Kotes. The fresh ripe fruits contain tyrosin •, the leovcs and bark on 

'vt.. I..,.— contain the 
• • . •• . ' , •ihcnylgb'coJIjo 

; • • • • • , . / digesting the 

leaves in a melted mixture of lard and suet. 

CLOVES. CaryopbylU. Caryophyllom 

Sources and History. The clove tree, Eugenia caryophjUata (Thunb.) 
family W^tacoai, is a handsome evergreen tree and a native of the 
Molucca Islands, where, as well as on tiie neighbouring islands, it was 
formerly extensively cultivated. 

Although the spice w.'is known in China about 250 B.o. and in 
Europe in the fourth century, the Clove Islands were not discovered 
till 1504. They passed into the hands of the Portuguese and tlicn 
into those of the Dutch, who unsuccessfully attempted to monopolise 
the trade in cloves and confine the tree to the Moluccas. Tho French, 
in 1770, succeeded in introducing tho plant into Mauritius and Reunion,, 
whence it was brought to Cayenne and to Sfnnzibar. On the latter 
island and its neighbour, Femba, the ciovo tree is now extensively 
cultivated, and these two islands furnish the bulk of the ivond’s 
supply, the remainder being obtained from Penang, Araboyna, 
Madagascar, etc. 

Cultivation. Plants aro raised from seed spaced about 25 cm. apart and 
screened from the sun by frames orcctotl about 1 metro abo.vo the ground 
and coveted with banana leaves. As the leaves decay more sunlight is 
automatically admitted until, when obout nine months old, the sellings 
are strong enough to bear full sun^ne. ^Vhcn about I metre high the 
seedling tree‘s are planted out at the beginning of the rainy seaion, being 
spread about 6 metres apart. For the first two or three years tho trees are 
shaded by growing bananas amongst them ; at tlie sixto year they begin 
to bear, yielding 3 or 4 kilos of cloves per tree until about seventy yeai'i 
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old. The trees attain a height of about 0 metres, but in the Moluccas they 
ore topped at about 3 metres for convenience in collecting. ’■ 


piched by hand or, in the case of the higher ones, are knocked oS by 
bamboos or reached from movable platforms. After separating them from 
stalks, the buds aro spread out on mats made of coco-nut leaves or upon 
la^Q concrete floors to dry in Oi© sun, a process which takes about three 
daj’s. During drying they lose about CO per cent, of their weight and 
become deep reddish-brown in colour j at night the cloves are taken under 
cover in sheds The cloves are collected from the mats by pounng them 
from one to another or they are swept by brooms from the concrete floors 
and put into baskets. Finally they are packed in sacks, known also os 
“ mats," made of coco-nut leaves. In Zanzibar the collection takes place 
from September to March. 

Cloves diy more quickly on 
tho concrete floors, callwl 
barbecues, and have a paler 
and better colour and com- 
mand a higher price. 

Description. Good cloves 
aro bright reddish-brown, 
they are plump and hea\'j’ 
and aro about 10 to 21 mm. 
long. Tho lower stalk-like 
portion is about 10 to 13 
mm. long, 4 mm wide and 
2 mm thick, flattened- 
cylindrical or somewhat 
four-sided. This stalk is 
surmounted by four spread- 
ing, thick, acute sepals 
about 3 mm. long, and by 
the dome-shaped corolla 
about 5 to 6-d mm. in 
diameter, which is formed 
of four bowl-shaped petals. 

Tho stamens arc indefinite 
£ ' ■ ’ ' * ’ ' 
t 
1 

li.uij' la BauuKju Hi mo ujjjJt'i (Wit oi ui© BLHiK-ime part oi tho clove, 
the lower eight-tenths of which is solid, though rather spongy near 
the centre, and is known a-s an hypanthium. Each loculus is about 
3 mm. long and contains about twenty ovules attached to an axilo 
placenta, y-— 

nj-panthim ■ 

numerous ■ ' ' , • ’ ' i 

pre««ed vr.-' ■ • ■ • ' ^ i , aViccr 

removing the corolla, cloves sink when thrown into water. Sic odour 
ol cloves is strong, spicy and aromatic ; the taste is ncrceable warm 
and aromatic. ' 



Iio. 40. Clove {Eugtnxa caryophyUata). 
A, clovo cut vertically, showing calyx, 
corolla, stamens, pistil, and o^-ules ; 
near tho margin oiUgtanda ; magnified. 
D, fruit (mother clovej, natural size. 
C, tho pame, cut vertically and 
magnified. D, embryo, natural size. 
(bucTssen } 
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Histology 

(sometimes 
Imving abo\ 


' parenchyma 
. in diameter, 
is siirroundeil 



Fio. 60 ^ transverse section 

of hypa . transverse section of 

hypantt iermis of hypanthium, 

X 200. ' ■ ^ hypanthmm, X 200. 

J?, transversosectionoflacunnrregionofhypanthmm, X 30. F, transverse 
section of a petal, X 65. G, outer epidermis of petal, X 200. H, inner 
epidermis of petal, X 200. K, stamen, X 16. L, epidermis and fibrous 
layer of anther, X 200 M, fibrous laj'er of anther, surface %new, X 200. 
N, pollen, X 200 , a, showing broad face with markings due to mutual 
pressure; 6, showing edge of poIlen>gram ; c, columella; cr, cluster crystal 
of calcium oxalate ; cu, cuticle ; d, dehiscence line of anther ; ept, inner 
epidermis ; epo, outer epidermis ; I, lacuna ; o g., oil-gland ; ot’, oinile ; 
t, stoma ; v.b., vascular bundle. 

by a lacunous region of a^renchyma. beyond wliich is a circle of about 
twenty to fifty larger vascular strands ; externally to these is a wide bond 
of collonchymatous parcnchyTna containing, especially in the outer port. 
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numoious ovoid scliizo-lysigenous oil glands, each up to about 200 microns 
long ; the epidermis is formed of Bmall tabular cells witli straight walls 
and a thick cuticle and containing numerous etomata of the ranunculaceous 
type ; associated with the vascular bundles are a few thick-walled 
pencychc fibres ; cluster crystals of calcium oxalote occur throughout the 
tissues. The sepals have an epidermis similar to that of the hypanthium 
•with niunerous stomata on the outer surface ; the mesophyll is paren* 
, 1 ... . , (. -I (i.,- I'. <1 v- a gjender vascular strands, it contains 

I ;■ / , ' . il . i I .1 ■! cluster crystals of calcium oxalate. The 

: 'i *i ' .*! cells with straight walls and an un- 

differentiated mesophyll containing oil glands and cells with cluster 
crystals of calcium oxalate and travers^ by small vascular strands ; 
stomata are absent. Each stamen has a filament with a central vascular 


’ V \ -*ec ' • •• 

t . . . 

I . 

ii> to lu umiueiei. me tissues of the clove contain neither selereids 
nor prisms of calcium oxalate, details which distinguish cloves from clove 
stalks in which both are present. Starch also is absent from cloves, but 
present in the fruits, known as Mother Cloves (see below). Trichomes are 
absent from all parts of the clove. 

A 60 per cent, solution of caustic potash reacts with the eugenol in the 
volatile oil of the oil-glands to give needle-sliapod crystols of potassium 
eugenste and a solution of temc clilondo gives n bluish-black coloration 
with the tannin present. 

Constituents. Cloves contain about 15 to 20 per cent, of volatile oil, 
a considerable proportion (13 per cent , Peabody, 3895) of gallofannic 
acid, and a colourless, odourless, crystalUne substance, caryophyllin. 
They yield from 6 to 7 per cent, of ash and about 0-25 per cent of acid 
insoluble ash. Crude fibre from 6-2 to 9 8 per cent. 

Uses. Cloves are used as an agreeable aromatic stimulant, anti- 
spasmodic, and carminative, properties that are due to the volatile 
oil they contain 

Varieties. Penang cloves are large, plump, and of a bright, reddish- 
brown colour; .<47n6oyna cioresaresirailar butrathersmaller ; Zanzibar 
cloves are darker in colour, leaner, and smaller still. 

Other Products of the Clove Industry 

Clove Stalls. These are the slender stems of the inflorescence axis, which 
shows opposite and decussate branchinpr. The older mtemodes are up 
to 1-5 cm. long and 3-6 mm thick and the ultimate pedicels are about 
3 mm. long and 1 mm. thick , tlie small clustered groups of branches are 
often as much as 3 6 cm. m total length. Externally they are brownish, 
rough and irregularly wrinkled longitudinally; the fracture is short and 
the texture dry and woody. They have, when crushed, an aromatic odour 
and a pimgent clovo-like tosto. lliey yield about 5 to 7 per cent, of volatile 
oil, which is less pleasantly aromatic tlian that of cloves. Tliey occur 
regularly as an article of commerce and a few are present in most samples 
of cloves. Crude fibre 13-6 to IS 7 jxir cent. 

Histology. Tho epidermis resembles that r.f cloves and m the older 
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iiftrrow^ band spparatcd by a cambium from a fairly wide radiate sylem 
^ytth rcticujately tliickonod vcRsels ; the central pith is sxuroxmdecl by a 




Iw. 61. Clove stalks. A, habit sketch showing opposite and decussate 
Vreugement and ultimate pcdicola in groups of three fnatural size). 

diagram of o transverse section X 10. (7, part of a longitudinal section 
<M the phloem X 250. part of a tran<rven»o section of the cortex X -50. 
^i^fVambium ; ctj. prism of calcium oxalate ; cr,, cluster of calcium oxalate ; 

; o.r?., oil-gtand ; pft, phloem; pA, pcriniodullary phloem. 

with perio'chc Obrua on the inner side; both 



'I''' '' licy contnm much Ic^s volatile oil than 

'\mysi contain n fpw fniifM. The fruits can 
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be detectttl in powdered clo\’e8 because the seeds cojitaiii much starch, 
from which cloves are free , . t <i , . 

Blown Cloves are expamletl flowers from which both corolla and stamens 
have become detached. The aepeunted cowUas and stameus form a 
product known as clova dust. . . 

Exh&nsted Cloves are clot’cs from which all or mos-t of the od has boon 
removed by distillation. They are darker in colour, much ehrunken and 
j'ield no oil when indentixl with the ihiunb-n»iJ. 

Oa ot Cloves. Oil of cloves h prejiared by tho steam'distillatioii of 
cloves Steam from a boiler is passwl mto tho lower end of a largo cylinder 
having a perforated false bottom supporting o charge of cloves. Tho 
cloves are whole and tlie iron cylinder is jacketed with Bomo insulating 
material such as asbestos or diatomile. From tho upper end of tho cylinder 



Fio. 52. Diagram of plant for^Uie preparation of oil of cloves. 


the vapours arc led mto a vrater-cooled worm-condenser and tho distiHato 
is teeewed in a tank with a tap at the bottom and an. owrflow pipe near 
the top. Tho ovorfiow pipo is connected with tho boiler so that any light 
Oil coming over first is retumctl witJi the condensed water to the boiler anil 
iwssea with tho steam through the column of cloves until tho oil as a wholo 
has a grants' gmator than water and emks to the bottom of the receiver. 
Tlio eianfioil oil is finally drawn of! for bottling (eco Fig. 62). 

Tlio chief constituent of the oil (not less than 85 per cent.) is eugenol, 
GnHjjOj, a colourless h<)iud with an odour of cloves, boiling at 253* ; a 
terpeno {catyophyllene), acetougenol, «-metliylfurfural, dimothylfurfural, 
methyl ealicylato and other bodies are also present. The amount of eugenol 
present can bo approximately detemuned by shaking a measured quantity 
ot the oil with S per cent, eolution of potassium hydroxide, with wliicli the 
eugenol fonna a wnter-«oluble conq>otmd ; tho carj'opliyllono wIiicli floats 
ou the Rurfaeo can bo measured by auttoble means and deducted from tho 
volume of oil useil, tho difforeneo b«ng engenoh Specific gravity 1-047 to 
1 003. 
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Clove oil is laigely used foi the production of vanillin. It is also used 
ns a dehydrating and clearing agent for microscopical preparations to bo 
mounted in Canada balsam. 

LILY OP THE VALLEY FLOWERS, Flores Convallarite 

Sources. The diug consists of tlio dried iiiflorepcenccs of Conutllarm 
majulis Linn., family Lihacrffi, a small herbaceous jiereimial, growing in 
shady woods and thickets througlioiit Eurojio and itidigenons to England ; 
often cultivated m gaidoiiH. The bulk of the drug is collected frem wild 
plants which grow in abundance in some parts of the continent of Europe. 

Collection. Tho flowers aro collected just before they ato all fully 
expanded, usually in the month of May'. The entire scajK? with its race- 
mose infloroscenee is cut from each fdant. Tiic* inflon'sceiicc.s aro tlri'e<I 
lapidly by stove licat and are catefiilly stored nuay frcin liglit and 
moisture. 

Description. The scapes nio up to 20 cm. long aiul each beats in tlio 
upper part a raceme of about six to ten flowers. The scape is about 2 mm. 
wide at the base and tnpors gradually to^vnids tlie apex. Tho flowers have 
a bell-shaped poriantli, white when fresh, about 4 to 5 iniu long and 4 to 
5 mm acioss tho open ciul, which is funushod uith six small recur%’c<l 
tooth ; tho stamens aro six and e}u|>etalous ; the sujxirior o\’ary js 
tnlocular and tho ovules aro attnehed to an axile jdacenta. TIio fresh 
flowers have a fragrant ivrfume, which almost entirely disappears on 
drying. Tho drio<l flowers aro slinmken ami j)alo bulT coloured becoming 
darker on keeping, and the dnig lias a slight ngrccnblc odour and a bitter 
taste. 

Constituents. The chief constituent of lily of tlio valley is a crystallino 
cardiac gUicosido, convallatoxin, whicli is more toxic than ouabain ; it 
also contains two crystallino ghicosidcs, convnllamarin and commllarm. 

Use. Lily of tho %'alley flowers aro occasionally used as a cardiac tonic 
in tho place of foxglove. 

Note. Convallaria mcijalis has a horoewhat slender porenninl rhizomo, 
producing each year an ncnnl shoot liaving two bioadly elliptical leaves 
and a scape bearing a racemo of flowers. Tho rhizomes are collected and 
dried to form tlio drug Lily of tho Valley Root, while tho dried leaves form 
a third commercial diug. 

EOUSSO. Cousso, Cusso 

Source, etc. Tho tree yielding this dnig, Bray€m nnthtlmintica Kunth 
(Hogento alyssinica Willdenow'), family Rosaceie, is a native of north- 
eastern Africa. It is planted by tho natives of Abyssinia near their villages 
for use as a remedy for intestinal worms, from whicii tiioy suffer severely. 
Bruce became acquainted with it in tho course of ids travels through 
Africa (obout 1770). 

The i>amcles of pistillate flowers aio collected after fertilisation and 
dried. They aro packed into cylindncal rolls (lianks) about 30 to 60 cm. 

' ~ ' ' ' ' ..... ’’lo stem of 

<crs, with 
. je mixed. 

Tho staminate inflorescences, wliicli are sometimes homo on the same, 


th, and are 
The main 
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under the Ion‘5 as a brosvniah powder adhering to tijo aurfaco/ The floorers 
aro very numerous and ahortiy stalked. Eaeij boars on ita pedicel two 
rounded bracts, and consists origmaHy of two wdiorla of greenish sepals, a 
caducous wiiito corolla, abortu'o stamons, and two monocnrpellary ovaries 
enclosed in the cup-shapod titnlnmus. After fortiliaation tlio inner sepals 
bend o\'or tho young fniit and alirivoi ; the outer grow larger and become 
deeply veined %pit purple. Only ono of the two ovaries arrives at maturity. 
In tho «lnjg tlio most conaptciious part of tho flower is tlio outer whorl of 
reddiflli, vemed sepals ; in ita centre may ho found tho inner sepals bending 
over the immature fniit ; tho corolla ami abortive stamens aro seldom 
present. 

Kousso lias no marked odour, but poa.soh.ses a bitter, acrid fasto- 

Constitaents. Tlio most important constituent of kousso is kosotoxiu 
(Leiciisonrmg. 1894), a liighly activo, amorpiioiw, yellowish substance, of 
which 0-004 gm. is auifieient to kill a frog. I*rotokosin ond kosidm aro 
inactive, colourless, cryatalHno ftubstancc.s ,• a* and ^'kosin aro inactive, 


Kosotoxm is insoluble in water butco-sily soluble in alcohol, ether, ace- 
tone, chlorofonn, etc., as well as in solutions of alkaline carbonates. Caustic 
alkalies convert it into kosm. By tho action of zinc dust ond caustic sotia 


phloroglucin respectively. 

Substitutes, etc. Under tho name of ** loose kousso " the flowers stripped 
from the panicles and dried aro somotimoa imported. Tliey arrive usually 
m moro or loss fragmentary condition, and frequently contain a consider' 
able admixture of stammato flowers. Thcao may bo easily rh'stinguished 
by their greenish colour, small outer eopols densely covercti with short 
hairs, and fertile stamens; they are often unexpandod, A standard 
number of not more tlian 200 pollen-grains per milligram is used to oicludo 
staminato flowers from powdorctl kousso. 

Use. *' ' ' .... , . ... JjIjIpJ 

by it. It i-* 

commop . being 

swallowed 

CHAMOSniiE FLOWERS, flores Antbemidis. Roman Chamomile 

Sources and History. Chamomiles arc the dried expanded flower- 
heads of AnlheTtiis nobilis lonn., family Corapositce, collected from 
cultivated plants liaving double capitula. 


century. Tho name Boman was given to this ebamomilo by tho Gorman 
physician Joachim (also known as Oomorarius) towards tlio end of tho 
sixteenth century because lie noted ita abundance in tho nofghbourliood 
of Romo. About tho same period tho Gorman botanist Bock {latinised 
Tragus) named tho plant Chamomilla from two Greek words moaning 
“ apple on tho ground ” because tho plant grows close to the ground and 
lias on odour which was thought to resemble that of apples. 
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The drug is produced to some cxt&at in the south of England, but 
more largely in Belgium, France, Saxoi^ and Hungary. 

Cultivation, The plant is a small, low-growing perennial with pro- 
cumbent atoms ascending at tho tipe. ITicr losvos aro downy, soasilo and 
pinnatiseet with fine, linear segmonta. It is particularly suitable for 
cultivation on a stiff loam ; extremes of cold and dry heat as well as oxcosa 
of raoisturo oro harmful to the plants. Each of tho old plants is divided 
into a number of parts which aro planted m a nursoxy in tho autumn. In 
April tho rooted cuttings are planted in tho field in rows about CO cm. 
apart, with 30 cm. botwoen tho plants in tho rows. Tho ground is kept 
free from weotie and the plants oro ollowod to stand for four years ofc tho 
end of which tho whole field is dug «p and n new set of cuttings prepared, 
CoUectiOQ. Flowers aro produced abundantly from tho second year 
onward ; collection bi^ins in Juno and is contuiued until September. 
They aro usually picked by hand by women and children, core being taken 
to collect only thoso capitula which oro just fully expanded. They aro 
spread out to dry in thin layers on canvas supports in dty airy shods or m 
drying chambers, being careful to screen thorn from dust ; 100 parts 
of fresh fiowora yield about 35 parts of dry. Tho dnod flowers oro separated 
into three gra^s by aiovos, and tho smallest siao is chiefly used for 
diatilling tho volalilo oil. Tho commorcial valuo of tho flowers depends 
upon ihcir size and whltcnoaa, so that caro is takon to gather them m fine, 
djy Weather and to transfer them aa quickly os possible to tho drying 
shods. Flowers which wo damp when gotherod bocermo vor>* dark in 
colour on drj’ing. 

Description, Tho dried fiower-heads, or capitula, aro hemispherical 
10 to 20 mm, in diameter and w'hito or nearly wbito in colour, becoming 
yellowish or bun-coloured when kept. Tho involucre surrounding 
each capitulum is almost entirely concealed by tho strongly refletott 
outer h'guUto florets- 

Tlie double capitulum of tho cultivated plant is derived from tho 
single capitulura of tho wild plant. This single capitulum has n single 
row of white ligulato florets and a central group, or disc, of 200 to 300 
yellow tubular florcte arranged in closely packed scries of crossing 
spirals upon tho conical receptacle. During tlio development of tho 
double capitulum tho majority of tho yellow tubular corollas of tho 
liisc florets bccomo converted into while hgulntc corollas similar to 
those of the ray florets. The commercial capituki, therefore, consist 
almost entirely of ligulato florets with usually a few, obout ton to 
twenty, tubular florets near the apex of the receptacle, nio conical 
wcemaclc itself is about 3 mm. high and 2 mm. wide at tho base ; it 
solid and pithy in texture and bears at its baso two or three rows of 
ovfrlipping bracts forming an involucre BUrroimiling tlie whole 
eaphulum. Tlio involucml bmcis arc about 4 to 5 mm. long and 1-5 
mm M Ido, Tlio remaining surface of the receptacle bears intersecting 
spiral lines of bracts or p-alca* in the axil of e.'ich of which a floret w 
Hie pa}e.r» aro nlwiit 3 to 4 mm. long and I mm wide T7io 
mvolucnil bracts and the ptlea* aro similar in construct ion, but tho 
bracU are somewhat coarser awl strongiT. Tlse bracts and jkvIc.t am 
ob5ong.ovate and concave wUh a blunt ajs-s, a central I'lnceohto 
thicKcr region and a wife scarious margin only one cell thick. On the 
outer convex surface of Mvcb are & few n,%rrow iini-'criate trichomes 
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About 0'7 to I'O mm. long, cncb comjKKcd of tbroc to oiglit very ebort 
basal cells and n long terminal cell about 20/x Avide ; tbere are ‘also 
numerous small compositons glandular tricboines each consisting of a 
short stalk and a head of t^'o or three tiers of two cells each. 

Liguhtc Jlorct ; calyx alwiit ; strap of corolla oblong-lanceolate, 
7 to 9 inm long and 2 to 3 mm. M-ide, tube 1'5 to 2 mm. long, ovnrj' 
1 to 2 mm. long and 0-3 to 0-5 mm. wide ; tlie strap terminates in three 
or sometimes two rounded teeth and lias four principal vclas, which 



C, a lipiulnto floret x 8. a tuliulnr floret X 8 A’ nnd outerand sicfe 
vjewsofapalea, both X 3. ffn.onfhor; ff/. plnmlulflr fnehome; A,co\crinp 
trichomo ; in, involucre , Iipulato floret ; t/K jnembrnnou'* rnnrpin ; 
r, receptacle of the capitulum , #/, atigmn, #./, tubiilnr floret ; v, \om 

unite by nrcbos near the apex of the strap. Andrccciiim absent. 
Ovary inferior, unilocular , style as long as the corolla-tube and bifid 
at the apex. Tubular foref when well developed is about 3 to 5 mm. 
long ; calyx absent ; corolla yellow', tubular, with five rounded teetli ; 
stamens five, ' ' • • » ■ • ‘ -n as in the 

ligulate floret. « • ■ ■ ‘ar trichomes 

similar to tho‘ ' I'arts of the 

florets. 

Chamomiles liavo an aromatic bitter taste and a iiloasanl, strong 
aromatic odour. 
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Constitaents. Tlic principal comtituentsof chamomile flowers are the 
volatile oil (0-8 to 1-0 per cent.), the bitter principle, anthemic acid 
and a yellow colouring substance, apigenui (a tnhydroxy-flavone) free 
and in the form of a glucoside. 

Tho volntilo oil is blue when freshly distilled, but becomes greenish, 
or b^o^vTush•yelIow on keeping; it consists chiefly of the esters of the 
isomeric ncids angelic anti tiglic, with isobutyl'and amyl alcohols ; it also 
contains tho alcohol, authemol, ami a ciystallmo hydrocarbon, anthemene. 



Kio 6"» .Voiriranrt Clinmninillii !<• 1. Upper part of a flowering plant. 

2 Vertipnl w'rtiori of n ntpituhim. 3. A fnnt. (Afier Bentley and 

Tnmen ) 

Anlliemio acid m nn mton<«»-ly bitter, ciystnllino gliicosiilo easily hydro, 
lysi-^l with total 1o<s of InttcmesH. prolongcil boiling in water being 
tiifllcictit to pneliio,. tho Tfociiou I’owcr and Browning (1014) were 
tmnhlo to isolate nntlwmic neid and R<^^^bo tho bittomcsa to a dark* 
eohiiiri'«l amorphous mihitano*. 

Tlio floMcm aI«o contain a crN-stallmo pIiylostcroHn, taraxastcrol, 
triArontano, i imxitol, dihxdrovycinnninic acid, etc., wav, fattj* oil, 
gliicoH-, etc. Tliey j ield nlxMit .i per rent, of ash. 

TJim. Cliamomile flowrm ]km.scs.s nronmtic, bitter atomachic pro- 
jw-rtifs ; the oil U occasionally ndministeml in pills as a carminative. 

Sabstitotes, etc. SnujU r/.>iR»Atn<fraan>otitati)>-'| from wild plants. Tliey 
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nro (Ustingulshocl by tlio prc-senco of a wnglo ron- of %vliito Ifgiilato florctw, 
tho remainder being yellow nml tubular. Tliis van'ofy is somotimes solcl 
ns “ Scotch ” chamomiles. 

Matricaria Cha7nonitUa Linn., Gonnau Chamomile. T1)0 flowor*heads 
ore smaller, single, nnd liavo a Iiollow conical receptacle devoid of paloaj. 
Tho chief constituents or© volatile oil, salicylic acid, npigenin, umbelliferone 
methyl other and an indefinite bitter principle. 

Chrysanthemum Parthenium Bemhardi, Feverfew. The cultivated plant 
has double floivorhoads, resembling those of tho chamomile. The receptacle 
IS flat ; paleto may bo present or absenti accoitling to tho variety ; if 
present they nro acute. 

ARNICA FLOWERS. Flores Amicte, AmiciB Flos 

Sources. Arnica floorers aro tho dried flowerlioads of Arnica mantana 
Linn., family Composite, a small plant with creeping perennial rhizome 
indigenous to central Europe, nml common in tlio memlows on the lower 
moxmtnm spurs. 

Description. The dric<l cnpituln nro somowliat ob-conical masses, about 

2 cm. m diameter and 1*6 cm- high. JIany of tlio receptacles occur 
separate nnd the florets form a loose groyish-yollow mass, m which the 
much shrivelled corollas are inconspicuous and the bristles of tho pappus are 
the most prommont feature. TJio receptacles witli their involucres form 
obout 33 per cent, by weight of tho drug, but m commercial specimens 
may bo as low as 25 per cent. 

SeceptaeU about 3 to 5 5 to 8 mm. in diameter, flat or slightly convex, 
marked by numerous depressions cacli surrounded by bristles ; surrounded 
by about twenty to twenty*fiv© involucml brocts arranged in two rows, 
dark green, lineardancoolato and pubescent. Liguhte fioret^ in n single 
row of sixteen to twenty ; calyx represented by a pappus of numerous 
bristles each of which is four to five cell? in diameter and minutely 
denticulate on the surface ; strop of the corolla about 2 to 3 cm. long and 

3 to 6 mm. wide, with three acute teeth at tho apex and seven to nine 
veins, sometimes four to five teeth and up to fifteen veins, which anasto- 
mose by orches near the apox, orango-yollow; stamens absent; ovary 
infenor 6'6 to 7-5 mm. long five-ribbod unilocular, the wall bearing 
numerous appressed twin trichoroes, each composed of two cells which 
diverge at the tips , stylo fijifonn, stigma bifid and spreading. Tubular 
fiord hes a regular, five-toothed, yellow, tubular corolla about 7 to 8 mm. 
long ; five opipetolous stamens with syngenesjous anthers ; pappus and 
ovary as in tho hgulato floret- As the ovary of both florets develops into a 
jruit, patches of black phytomelan ore formed in tho wall. Compositous 
glandular trichotnes are present on the corolles of both florets. 

Arnica flowers liave a pleasant street and aromatio odour, and bitter, 
acrid taste. 

Constituents. Aniicf^ flowers contain traces of volatile oil and a bitter 
principle, amicin, which has been obtained in minute, yellow, deliquescent 
crystals Tho flowers ore said to contain more amicin than the rhizome. 
The drug also contains tannin, rosin, yellow colouring matter and a phyto- 
sterm, amistorin. 

Uses. Preparations of arnica flowers applied to the skin appear to 
mcreaso the activity of the circulation, and the tincture, diluted with 
water, is used for application to the skin for the treatment of bruises ; 
internally they are stimulant and irritant, but they are now seldom 
adrainistored. - 

Substitutes, etc. Some samples of arnica flowers consist of the florets 
onlj*. The receptacles and involucres are removed because of their 
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to nltock by ui'.cctf', notably by tbo^ ilipterou'' fly 


floTVers reported to have been mixed 

may bo mentioned : — , . , 

Anihevns tincloria Unn . ; froits mOiout pappus ; pa^f® recopt^Je. 
Calendula officinalis Linn.; ligulato corolla with four veins; fruit 
without pappus. 



Fic. Arnica inontoit'i Linn A, entire* eapitulnm. D, ray-floret oiul 
<ln<c-floret ; a, anthers ; o, ovaiy , p. pappas C, bnstlo of pappus, 
showing barbs , 6, twjn-hair from the fruit epidermis A (FAnrm Joitrn) 
B (after Luerssen) C (after Bille Gram) 


/«M?a brtlanntca Liim. , bgulate corolla with four veins , pappus not 
bristly. Arnica from tho Italian Alps is frequently derived from I. 
hnlannica. 

Doronicuin Pardalianchfs Linn ; ligulato corolla with four veins ; no 
pappus. 

rorcutacMin ei> ; Scorzonera sp ; all floretK with five-toothpil iigulato 
corollas. 


INSECT FLOWERS. Flores Pyrethri, Pytethtum Flowers 
Source, etc, Dalmatian in-soct ftowen nro tho unexpanded flowerheads 
of Cfirj/ttint/icmiim cinerarttr/ofium Visiam, family Compositso, a native 
of Dalmatia, Herzegovina, and Montenegro, and cultivated ou tho 
Dalmati.an and Istnnn Islands, in Jaxian. California, Spam, Italy, Switzer- 
loud, etc. Very large quantitiea are in»porte<l from Japwo Rx)>erimpnta! 
wu.mil riiiitv 0 
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plots nt Kcw, MVo Mid Il4tr)x>n4cu luivo j'/olde(l wicouroging nm! 

the plant is now being cuUKiitwl commcrcmlly in Siiflolk. 

Tho fl jwerheads rotaui their insecticidflj properties for about six months. 
The stems and leaves aro less acth'o but still sufBcicntJy active to seia'o 
for making insecticidal preparations for uso on tho largo scale. Closed 
flowofft ha%’e long boon considcrwl to bo more active Ilian holf*cJosed or 
open, hut recent expenmenis hove show'n that cnpltiila with tho fiorots 
just fulb ( vpanded are the most active, though tlie difTcrenoo in the 
tciMc-itj <if the flmrera oollceteil nt differont stapes of development is not 
great. Over-hloiini flowers nro much less toxic. 

Coltlvation and Collection. Seerllings aro raised from seed sown in 
August anti Septcmlior in bo<ls protccterl by a canvas covering raised 
alxiut 25 cm. abovo tho level of tho soil. T •' •* “ '''. * • ■ 

the /icedhngs aro planted out on n rich, . u 

spacing tho plants about 30 cm. axwrt. ■ ' ■■ « '. 

May when tlio first collection is nuulo; a second collection is mode in 
August and September. Tho plants continue to yield for about six years, 
Tho Rod bt'tween tho rows is kept cleor of wectU by working it in spring 
and autumn. 

In Dalmatia and other places the flowerhcails arc colloctod by hand ? in 
tlio Umtwl States and Roroo parts of tlio continent of Kuropo a kind of 

hcoop nl)out 25 cm. %vi<' * ' 

form of a coarRo comb 
flowethoads which aro 

If It is intciidetl to convert tho crop ImmorUately into some kind of rslrnct, 
It may bo rcaivxl by means of n liook, Tho flowcrlicails as usually dried by 
fijiroading them to a <lepth of 4 to 5 cm. on clot Ji Btrclchwl on largo frames 
whicli aro cxpo«c<l to tho heat of the sun and nro brought under cover at 
night or when lain or dew is falling. Tho flowerH aro tumerl over two or 
three timca a day and tho tliying is complete in about threo daj'B. In less 
fiunny climates drying is conducte<l in airy bams and fakes about threo or 
four Weeks, 

Description, Tlio closcsl floworlioads > of comraorco aro of n dull 
hrowtiusli-yellow or greyisli-broivii ciilour and about 6 to 10 mm, in 
diameter. They are import«l either Ioorc, chiefly from Dabnatia, or in 
6 lrongl 5 ’’ comproRRwl ma*?'>c8 of flou’crlicails in all piages of development, 
chiefly from Japan. Tlio loose flowere nro classcil as ** closetV’ “ImH' 
closed ” and “ open.” 

Tho receptacle is 4 to 8 mm. in iliametor, flat with a alight central 
convexity and without paleas ; it is surrounded by an insiolucro of two or 
three rows of bracts, wliich nro hairy and lanceolate with a membranous 
margin. JRay Jlorets in a singlo row of fifteen to twenty dhreo (rarely owr 
twenty) ; caljTc tubular, membranous, about I mm. long ; strap of corolla 
white, about 16 rmn. long with three rounded apical teeth, tho central one 
being often more or less suppreRscil ; about sovontcen veins, of wliich five 
or SIX are more strongly dovolopod, at tho centre of tho strap ; os^iy' 
inferior, about 6 mm. long and fiTO-ribbod ; stylo filiform, stigma bifid. 
Disc florets about 200 to 300, each with a yollow, tubular corolla and five 

‘ A sample consisting of closed fluncrlieads is still n'glitly regarded as of 
superior quality, because H ensures Uio absence of the comparatively inert 
overblown flov.era. In powdered specimens, the presence of more than 2,000 
pollen grains per mg. md cates "closed” flowerheoas; between 1,000 and 2,000 
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opipetalous stamens; gyntecium and calyx as in tlio Hgnlate floret. ' 
FrvU, a fifie-nbbed cyps®!^- , » • i- * 

Insect floweiB poRset-s a bitter, acrid taste j the odour is aromatic, but 
not strong. 

Coostltnents. Dalmatian insect flowers contain, about 0’4 to Z’O per 
cent, of two esters to which the insecticidal properties fire due, Viz., 
pyrethrin I and pytethrin II. Dyrethrin I is a viscous oil yielding on 


. ■ warm-uvouueu. 

■ ^ ^ • . 1 , about 10 per 

cent, of moisture, and about G to 10 por cent, of yellow ethereal extrach 
House-flies enclosed in a 100 c.c. well-ventilated vessel, on* the walls of 
which 0 02 gm. of insect powder has been dustetl, should bo stupefied in 
two or throe minutes (De Waal, 1023). Blow-fUcs (Protocollipltera osureo) 
are used for testing liquid preparations of insect flowers. 

Substitutes, etc, Chryaanthemum coccineum, Willdenow {0. rostum, 
Weber ct iloht), a native of the Caucasus and northern Potsia, yields 
tho Persian (or Caucasian) insect flowers, which wore formerly more 
commonly used thar T ‘ * 

practically ceased. ’ • 

by tho dark, nearly 

colour of tho ray-fiorots, and by tho ten-ribbed fruit. They aro said to bo 

. ?werhcada of 

rhoy may be 
seven veins 

aud termiikfites in three rounded teeth of which tho central one is tho 
. . » . , . - - - 

the 

t' ' . . hi<m 

are us«l to stupoly small insects. 

WQRMSEGD. Santooica, Somoa Cuue, Semen Contra 
Soutoes, etc. Wormeoed consists of the unexpandod fiowerhcwls of 
.drt«mi8to cina Berg, fanuly Compositsc. This species grows in enormous 
quantities m tlio north-eastern districts of tho province of Turkestan. 
Near tho town of Chimkent a factory has been erected, in which large 
quantities of santonin aro protluced from tho wonrB»ced collected in the 
vicinity. Comparatively httlo of tiro crude duig is now exported. 

Tho plant 18 smali and wo^y, with numerous erect bmriches about 
40 cm. long, on which very small floworheads aro homo. Tiieso aro strinped 
from tho stems before they expand, and dncil. Tliey are collected m Juh' 
and August, and brought to Oliimkcnt. 

Wormswl has long been used as an anthelmintic ; it was employed 
m Italy under the name of semenzma (diminutive of acwienso == seed) 

word semenzma 
is often known ; 
“semen contra 

• > lines. 

Dest^pUon. Tlio floworhcails are of a groenlslj.ydJow colour, but turn 
brown by dr^-mg and keeping. They are from 1 G to 4 mm. long, elongated 

(Hi 
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ovokl in niid Koincn’hnl iini’ulAr ; fhoir «urf»co i** shmmg nj»l only 

slightly hnii^’. A fr«' fmgmcnt« of Icavci nm! Btnlk‘» nhvnjn occur ndmixcfl 
«'Uh the flon’crlic/ul"* 

The irivolucro consiNts of fourtiK'n fo twenty, most commonly sixteen, 
imhnc/itrHl o\^^to or Jnnccointo l»mct«, r-nch having n ilisiinct keel nnd 
hcnnng on tlio <lorMil siiirfoco numerous, gJisliming comi>ositoijs glandulAr 
tnchornc.H arid n verj' feu* cottony Iwinnco hnirn ; the miilrih hmnehrs 
freely and the veinJetH ore contortiif nml fri'nijfiith’ nnnsfomo«c. TIio 




tsa.Oi, Arifrnista cina {iicrf:)n 
fotiRgo icAf, shoA'tng tho \otiat> 
npicuhis ; ffl, gjAntl /J, entire 
hy<JrAto eoUitioR, X 15 ; or. c 

ii\ inner Liroct ; cor, coroUa of o floret ; yf. floift , or, ovnry ; iwUeit 
RAca. C, transveno soetion of tl»o fotiago loaf, x 30; w, rnidrih; pof, 
paiiaado tiasuo. D, tranavert-e i^tion of n floret, x 30; on, nnther; 
cor, corolla; p, pollon ; «, stigma. £■, transserso sccliona of tvro bracts 
X 30 i w, midrib; sc/, seJerenrhymn. /*, four entire flower-bend^, X 8. 

brncts oiieJoso nbont tbreo to firo tiibidor, liermaphrodito florets about 
1 mm. long ond 0-6 mm. whIc, tlio opiccs of the fivo corolln lobes being 
slightly popilJoso but not bearing trichorncs; com/>o«/tc>»s glandular 
tnchoraos occur oji tho outer surface of the corolla and ovnrj*. The leaf 
fragments nro luienr-JnnccoIrttc, about 0*5 to 0*73 mm. wide, with a 
roudded opex and nn npicuhis • they have n midrib with numerous lateral 
veins which anastomose to form n marguml win at about t\ro-tbinls of tbo 
distance from the midrib to the margin. Tho lenr'es havo no covering 
trichomes, but boar numerous compositous glanthiJnr tnchomes. 

Tho drug exhales, when crushed, an ngreoabJe, nromatio oilour, and 
possesses n bitter, aromatic, camphoiaecous tn’le. 
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Constituents. Woi-msccd contnniB a volatilo oil and two crj’Stalliiio 
pnficiples, viz. santonui, to whicli the aiithelmintie property of the 
drug is due, and artemisin. The santonin attains its maximum (2-3 to 
3 6 per cent.— Ehlinger, 1885} in July and August. After flowering it 
rapidly disappears. 

Santonin, CisHijOj, forms colourless, bitter crj-stals that are very 
slightly soluble m water hut unite with alkalies, forming soluble salts of 
monobasic santonic acid, Exposcil to light, santonin assumes 

a yellow colour (photosantonin, chromoftantotiiii) ; in the intense sunliglit 


of tropical India it U conveitwl into 
a dark brown resinous mass 

Substitutes^ etc. Santonin has also 
been found in the loaves of a spoeics 
of Artemisia referred to A. brevifolta 
Wallieh, which grows in abundance 
in Kashmir, Kumaon, etc. (0*6 to 
1*0 per cent.), in tlie fiowerheads of 
an undetemuned species of ArtemUia 
grown in Holland {1-3 por cent.), 
and in the leaves and flowers of 
a species of ArtemUia grown m 
Scotland, probably A. maritima (0-68 
per cent.). Its presence in several 
other species of Artemisia has been 
reported. 

Use. Wormseed is now seldom 
administered, but santonui is often 
employed as an anthelmintic for 
round worms which it rapidly expels j 
it has less effect upon thread worms 
and no action on tape worms It 
produces remarkable disturbances of 
vision, objects appearing first blue 
and then yellow, and the absorbeil 
santonin renders the urine intensely 
yellow if acid or purplish if alkaline. 

American Wormseed is the fruit of 
Ghenopodium amhrosioides Linn 



COLKyOOT FLOWERS. The flowcis of Tusailago farfara Linn., 

some time before 

' ' 15 cm. long, with 

“ iiry, many of the 

capitula terminal, 
florets with short, 
. i acle flat, naked • 
fruit cylmdrical, tapermg towards the base, provided with an abundant 
pa^us of white, simple hairs C^tain mucilage, traces of tannin and a 
bitter principle. The leaves as well as the flowers are used as a household 
remedy for chronic coughs. senoiu 


CHAPTER X 
SEEDS 

Functionally tlio seed is tlic tmiMportation stage in the life of a 
plant. Stincturally a seed is developed from an ovule as a result of 
growtii stimulated by tbo formation of a y.ygoto from the ovum and 
of the primary endosperm nucleus from the central fusion nucleus of 
the embryo-sac. These developments result in the growth of an embryo 
from the jygotc and of food-storage tissues from the embryo-sac and 
nucolhis A seed, therefore, may bo recognised as such by considering 
its origin, its contents and its function and one may formulate a 
definition from these premises in the foboiripg way : A seed is a plant 
member derived from a fertilised ovule ; it contains on ombiyo and is 
constructed so as to facilitato its transportation. 

The origin of the seed from tho ovulo necessitates the presence of 
structures m the seed corresponding to tho various parts of the ovulo 
and also fixes tho genera! relative disposition of tho parts to one 
another in tho seed. A knowledge of the general structure of the 
fertilised ovulo and of tlio various types of ovulo is therefore funda- 
mental to a proper understanding of tho structure of seeds. 

A fertiUsed ovulo is usually protected o-vtcrnally by one or tivo 
covering? or coats from ivhich tho testa of tho seed is developed. When 
two coats, outer and inner, are present in a seed thoy aro termed tho 
testa and legmen respectively. Tho term testa is also used to indicate 
the single coat of seeds having only one coat or to signil^y the two coots 
considered as one protective covering. In the ovule, the coats aro not 
quite complete at the apex, a small hole, the mkropyU, being left 
through which the pollen-tubo may pass on its way to tho embryo-sac ; 
this mieropyle persists in tho seed and forms a character of tho testa. 

Within the coats of an ovulo is a mass of parenohjTnatous tissue 
known os the nuccilus. The nuccllus is frequently completely absorbed 
by the rapidly developing embryo or endospenn and is then represented 
in the seed by a layer of collapsed cells usually only to bo observed in 
microscopical preparations. In certain seeds, however, such 
cardamom and pepper, tho nucellus increases in bulk as the seed 
matures and forms a massive storage-tissue, called the perisperm. 

Embedded in tho nucellus of the ovulo is a very large cell, the 
embryo-sac or megasporo and after fertilisation one finds inside tho 

embryo-sac a zygote, a prim.aryendospcrm nucleus and three antipodal 

cells. The zygote develops by cell-division and becomes tho embryo 
with its one or two or sometimes more cotyledons and a radicle and 
stem growing point, sometimes developed as a plumule. This 
development may be so rapid and vigorous that the embryo absorbs 
the other contents of the embryo-sac and also the contents of the 
nucellus so that in the seed there is a large embryo surrounded only 
by the testa, thus forming a von-endMpermic or exalbuminous seed. 

In other plants the endosperm nucleus rapidly divides and walls 
form between tho protoplasts resulting in a maas of tissue, called 



TESTA 


107 


cn[lo»j)trni, Bunoimding tho ombryo uhicb \ms dovebped ksa 
vigorously than in ex&lburainoua seeda. Tho nucellua ia absorbed by 
the developing endosperm bo that the ripe seed consists of an embryo 
embedded in an endosperm, tho vhole being surrounded by tho testa. 
These ere endoapermic or atbuminovs seeds, containing an ombryo 
surrounded by endosperm. 

A third type of development occurs when tho endosperm nucleus 


surrounding tho endosperm. This tissue ia tho perisperm and tho 
albuminous or endospermic seed which results, consists of an embryo 
enclosed in an endosperm which ia itself surrounded by a perisperm, 
the whole being enclosed by tho testa. A somewhat rare condition in 
seeds is to fmd perisperm fully developed, but no endosperm, A good 
example ia the seed of Agroatemma gdfiago, tho corn cockle, tho seeds 
of which are poisonous and sometimes occur mixed with wheat and 
other carcals. 

On tho Burfaco of tlie testa certain markings can be observed in 
addition to any mottling or variations in the colouring of tho general 
surface. These markings arc tlio hilum, tho raphe, the micropylc and 
tho chalaza, tho relative positions of which vary with the typo of 
ovule The hiUm ia the scat left by tho removal of t!io seed from its 
lunleuluB or stalk. The chalam ia the position at tho base of tho 
nHcellus u hero the vascular strand from tho funiculus branches to enter 
the different parts of tho ovule. Tlic four types of ovule arise by tbo 
variation in tbo extent to which ovules are turned upon their stalks. 


nbavo the hilum ; there is no raphe. This is not a common tj'po of 
ovule, but w found, for example, in the Piperace® and also in tho 
PolygonaccK, to which rhubarb, dock and buckwheat belong. Tho 
mo^t common type of ovule is tho amtropouB one in which the stalk 
has grown adherent to one side of the ovule and liaa also grown so 
rapidly as to completely invert the ovule on its stalk, thus brincinc 


strand is known as tho rapht. In most common seeds, therefore, tho 
raphe and chalaza can be observed as markings on tho testa and tJio 
micropylc is found adjacent to tlio hilum ; examples are seeds of flax 
(linseed) and almond. Sometimes the rotation of tho onilo on its 
stalk ia through an angle of 90 ilcgrees instead of 180 degrees os in tho 
anntropous ovule. When this more limited turning occurs tho onilo 
is termed amphiiropout. In such ovulw the nucellus is straight rrith 
its axis at right angles to the direction of tho stalk, which enters tJm 
ovule at the middle of one side. Tlicre is a ehort raphe as far as tho 
rlmtnza at one end of tho nucelluH ; at the other end Is tbo micropylc 
In tins typ«‘, therefore, the hihim, dialaxa and micropylc am widely 
toi«irato»I ; an example »s the we»l of colchicum. Tlic fourth tyi>o of 
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ovule has a curved nucelhis produced by a rapid grouth of one side 
of the nueellus and of the coats on the same side, development on the 
other side being almost arrested. As a result the micropyie is brought 
adjacent to the chalaza as \vcll as the hihim ; there is no raphe. 
Examples of this type are stramonium, henbane and othcrsolanaccous 
seeds , they are developed from campj/lolropous ovules. 

During tlie formation of the seed from the fertilised ovule, there 
frequentij- arise additional grouths outside the integuments or 
developed from the integuments. According to the origin and nature 
of the new gro\%'th3 different names are given to them. An aril is a 
fleshy covering arising from the hilum and almost completely enveloping 
the seed ; examples <are tlie seed of yew-, Taxvs baccata, and seeds of 
the Nymphaccie. A plume of hairs arising from tlio hilar end of a seed 
as in the willow is also sometimes described as a type of aril. An 
arillode is a covering similar to an aril, but arising from the micropylar 
edge as in Cardamom and Euonj’mus. A caruncle is a localised fleshy 
groivtli arising from the roicropylc as in seeds of the Euphorbiaccoe, 
such as castor oil and croton, A slrophioU is a •vving-liko on barrel* 
shaped outgrowth along the lino of the raphe, duo to an increase in the 
amount of parenchyma around the vascular strand of the raphe j 
such a growth is found in the seed of colehicum. A temp' is an extension 
of the testa in the form of a membranous fold as in the seed of honesty, 
and to a very alight extent at the base of tho strophanthus seed, A 
plume of hairs is sometimes formed as an outgrouth from the summit 
of a seed ns in the Apooynaccrc and the Asclepiadaceto, to both of 
which families many plants used medicinally belong. 

All seeds contain reserve foods for the nourishment of the embryo 
diwing germination. These foods may bo present in tho endosperm 
or the perisperm or in both, or they may be stored in tho embryo it.self 
cither m the cotyledons or m the axis (as in the Brazil nut) Some- 

■* . f t js,. v.*t. — » — "''a pjjjyietions. 

» ■ • rbohydrates 

■ ■ • .ind oxygen, 

and proteins which supply nitrogen, sulphur and phosphorus in 
addition to tho other three elemf ' ' ' ’ 

starch ; others are cellulose, 
sugars, fixed oils and proteins a 

the celluloses are present as heavily thickened cell will.'?. Thw gives 
rise to starchy or farinaceovis seeds, such as wheat and calabar bean, 
oily seeds, such as linseed and the umbolliferous seeds, and very hard 
horny seeds such as nux vomica, Ignatius bean arfil date stones. 

Histology. Tlio most characteiistic histological featuroa of soe<Is aro 
found in tho structiiro of the seed coats. Often a seed lias ono coat only 
as in i\ux vomica, stroplmnthus, bolladonna, henbane, stinmonium, 
oiraond, calabar bean and tho plantains. In otlior seeds two coats aro 

’ -• — -* ** tard-s, "Wlien two coats are 

tho limits of the coats and 
iex’olopment from tho coats 
1 for a cuticularised layer 
^ or will mark tho cuticular 

surfaces of the epicJermise^ of the inner and outer coats where they aro hi 
contact. 
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In tho testa of most tecils lour dUtcrent layers can vwiially bo found, 
though Bometijnes two or even tlirro characters may ho conrhinwl in ono 
layer. Tho four layers oro : (1) Tho epidermis, (2) the pigment layer, 
(3) tho sclorenchjTnotDUS layer, (4) tho nutrient layer. Tho Cpidennis is 
variously developed in difiorcnt seeils r ’ ‘ ” ' 

(o) A palisade layer, which conswts of 
prisms, tho length being from three tc 

' ’ ’ • ’ ’ ’ s and 

denly 

.. ■ very 

ijiicK iijui usvmiiy ceuuiosic. in coioeymn tiio paiHuno epuionms cnnsists 
of cells with a fairly largo lumen and tho thickening of tlm walls takes tho 
form of numerous bars taponng from tho base towards tho apex of tho 
cell; thesGCOlhappearasbcadMlpolygonBingurfacoview. In scsamosecds 
tho paUsodo cells have thin walls and in tho apox of each coll Ihcro is a 
spherical maRS of email crystals of calcium oxalate measuring 12 to 40/i m 
dvamolor. (6) A layer of ecfereids as m atramonium, capHjcum, henbane, 
nux vomica. In tho aolanaeeous accila tho thickening is usually on tho 
railial walls anil tho base giving bcakcr-shapcil cells and they are usually 
lignified. In lobelia tbo elongated polygonal cells arc lignilied and 
thickened Btrongly on tlio anticlinal walls and in strophantlms tho cells ero 
sinular, but tho ' — *■ •<-••• • * ' 

U oppressed to 

its side adjacen ' 

sclereiddilie epidermal colts which ato extended as appressod tneliomeu 
with about ten rods of tiiickonmg, the cells hoiiig hgnifiod in nux vomica 
and ccllulosio u\ ignatius bean, (c) A tayor containing scoltered scUreida 
cither singly or m groups as in almond, peach kernel, etc., the size and 
grouping of the cells cnal ' 

In tho form of poivder. 
psyllium, tspaghula, cros * 


eomums uio pigment usually deposited in tho substance of tho coif walls as 
m the seeds of stramonium, hOTibano, belladonna, soy and colocynth. In 
other seeds the pigment is found in ono of the inner layers of tho testa 
tw m imseod and mustard where tho cell-contenta of a layer of the inner 
sood-coat are deeply coloured, and in cardamom where tli© cell- walls of tho 
outer epidomiis of tho inner Boed-coat contain the pigment. In ispaghula 
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and other plantain seeds tho inn-er cpidonntt of the testa contains the 
colouring matter. Tho Bclercnchymatons layer. In most aoeda tho cells 
of one or more layots havo strongly thiekoned Wfllls, In tho BolanoceoiM 
seeds, in nux vomica and in strophanthm tho thickened layer is tho outer 
opidotmis and this has been rofenrod to abovo. In tho mustards, tho inner 
epidermis of tho outer seed-coat ia dovolopod as a sclorcnchyraatous layer. 
In cardamom and in linscod tho inner cpidennis of tho inner sood-coat is 
hclorenehjTnatous, being compos«l of narrow elongated sclorelda in Hnsowl 
and of smail cup-shnpo<l colls in cardamom. In Iho good of colocj-nth 
almost tho entire testa, consisting of man}' laj-cts of colls, is completely 
sclerotic. In kaJadana, seeds of Jpometa hederacea, it is tho third layer of 
tho testa which is dovolopod as rv strongly thickened palisade. In the 
Boede of iJicmits communis also, on© of tl»o inner layers of tho tcata cemsists 
of vory strongly thickened elongated pali8a<lo colls. Tho nutrient layer 
of the testa is present in many goods and consists nsually of sovoml layers 
of thm-walled parencliyma, tho colls of which on> fiJlotl with starch in tho 
early stages of development of tho seed from tho fcrt«lhc<l OTinilo. As tho 
thickeninga of tho various parts of tho testa aro laid down, tho starch is 
gradually used and tho thin-wallctl colls ovcntunllj’ collapse, forming a 
band of flattened colls. Such a band of collapsed tissue w found in linseed, 
in stramonium and other eolanaccous seeds, in leguminous seeds, ispaglmla 
and many other soods, 

When perispenn is proHont as a woH-dovoloped tissue, it is usually 
composed of a thm-wnllod paronchjtna containing abundant starch, a-s in 
cardamom, popper and grams of panwllso fylmofitum lu other 

instances it w present in small amount, as in tho nutmeg (Mt/ristlca 
fragrant), whore tho narrow pcPis|>enn proliferates on the inner side 
forming a secondary pensporm which dewlops mfoldiugs whicli jx'netrato 
mto tho cndo8|>onn, forming tho ruminations. In tho castor mxsI (KichUM 
eomtnunts) the perisperm rtpjhjorB as a very narrow' flitn nuirourKhng the 
endosperm arul is often iloverib^l «s a tegmen. 

Endosperm which is prchont in many seeds ih comi»oscd of a cellulose* 
walled parenchyma containing food reserves, llto walls ore usually thin, 
but in fcromo eoe^ such as nux vomica and fgnatms bean, tho walls becemo 
vory thick, being largely compoFC<t of horoi-coHuloses ; in other i-ocds, such 
as tho date (Pheenix dactyUJera) thoy aro so heavily thiekcnctl tliat they 
resemble stone-cells. Tho cells contain protoplofon and various resorvo 
foods (see abovo). TJio cotyledons f rwjuently show an appronrli to a fi’^ucaJ 
leaf structure with a palisatlo layer beneath the upper epidermis ; this is 
specially evident svhen cotylod^s aro not grcatlj' cnlnrgotl to form a 
Btorago tissue for rosor\’ca, Tlio rodiclo and, in tho caso of seeds with a 
small embryo, tho entire embrj'o including tho cotylwlons is formed of 
small thm-walled cells. 

Of the reserve foods found m seeds, the most cliaracteristio aru the 
protein reserves, whieli may bo present as an omoiphous mass completely 
filling tho colls as in tho endosperm of cartlamoms, or may take the form 
of dofcito grains nnmwl tdeurone grains. Seeds aro the only plant members 
in which nlourono grains occur and hcnco a powder containing these 
grams may b© knorm to havo been donved from a seed. Tho olourono 
may be segregated m a particular tissue or part of a tissue or it may ba 
distributed throughout the tissues in association with otlier reserves. In 
cardamom it is present in the endospotm and starch is stored soparately in 
fho much larger porispoim. In many eemals, such ai wheat and maize, 
the olourone is confined to the outenaost laj-er oi tho endosperm; in 
Picinus communis, linseed and strophanthus it is stored in both embryo 
and endosperm in association with fixed oil and in peas and beans it is 
stored in the cotyledons in association vrith starch ; m nutmeg. Myrislica 
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fragraiia, fat, aleurone and starch all occur together in the cells of the 
endosperm. Aleurone grains vary much in size, shape and complexity. 
They are frequently characteristic of particular seeds or of the seeds^ of 
particular families of plants. Consequently they are of service, something 
m the same way as starch grains, to enable one to obtain information 
about the systematic position of the plant in which they occur. Many 
aleurone grains are small in size and very simple in structure. Such grains 
consist of an amorphous mass of protein enveloped by a rather more dense 
protem membrane. This is the type of grain found in many Leguminous 
seeds {peas, beans, etc.), and in cereals. Other aleurone grains have 


combination with on organo phosphoric acid. The particular organic acid 
radicle present is not definitely known { {3) calcium oxalate, usually in 
rosette form, but occasionally in prisms or needles. A grain may enclose 
one or two or mote rarely several crystalloids and these may be accom- 
panied by one or more globoids, as in Rieintis communis, in the soy bean 
Qlycine hiapida, and in linseed, lAnum usiiatissimum. In other seeds 
globoids occur as the only inclusions as in quince, Pyrus Cydonia, and 
ispaghula, Plantago ovata. Aleurone grains* consisting of a ground 
substance enclosing one or two rosettes of calcium oxalate are the most 
common grains of umbelliferous seeds. In Afymlico suHnamensis, globoid, 
crystalloid and calcium oxalate rosotte are all present together in tho same 
grain. The size of aleurone grains is on the whole smaller than that of many 
starch grains ; those of Z^num usitatisaimum are about 15;i, of i?ictnua 
eommuma, about 10^, of Braasica alba about 7 5(i and of Fcenicufum 
vulgare about 6^. 

Protein and aleurone grains are insoluble in ether, alcohol and glycerin ; 
they oro stained yellow by solution of iodine. Water dissolves part of the 


ammonium phosphate, from which charactoristio crystals of magnesium 
ammonium phosphate ultimately separate, indicating the presence of 
magnesium m tho globoids. Eosin in aqueous solution stains aleurone 
red, especially tho ground substance and alcoholic picric acid stains it 
yellow, especially tho crystalloids. Millon’s reagent gives a white precipi- 
tate with proteins and tho colour gradually changes to brick-red on 
standing or changes rapidly on warming gently. 


Classification o! Seeds 

1. Exnlbuminous. 

(o) Oily cotyledons and a straight embryo : Almond, Melon 
Pumpkin, Butea, Tonco, Peanut, Soy Bean. 

(t) Oily cotyledons and a folded embryo : Black Mustard ‘ 
Wiilo Mustard. 

(c) Starchy cotyledons, straight with a small radicle : Calabar 
Bean, Guarana, Kola. 
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2, Albuminous. 

(^) Endosperm only present ; 

(i) Embryo straight : Carbohydrate rcserre is cellulosic. 

Nux Vomica, Ignatius Bean, Ispagh\ila, Psyllium, 
(li) Embryo straight; C, H and 0 stored as* oil. 

Chaulmoogra, Castor, Croton, Stropbanthus, Lin* 

seed, Quince, Sesame, Cacao. 

(iii) Embryo fitrongly curved ; 0, H and O stored as oil. 

Stramonium, Datura. 

(iv) Embryo fohled : Endosperm mucilaginous. Fenu- 

greek. 

(v) I'lmbryo minute ; embeddedinabundantendosperm: 

Stavesacre, Sabadilla, Colchicum, Areca Nut. 

(e) Endosperm and perisperm present : Grains of Paradise, 
Nutmeg 

SWEET ALMONDS, Amygaala 

Dulcis 

Sources. The sweet almond is 
tho seod o/ Prunus cominunis 
Arcang, var. dulct's Schneider, 
family Rosace®. The tree is a 
native probably of Persia and Asia 
Jlinor, but is cultivated in all tlie 
coiintncs that border on the 
JIcditotTcnean, 

Sicily and soutliem Italy are tho 
chief almond-producing countries. 
Spain, Portugol, the south of 
France, tlio Balearic Islands, and 
Morocco also export considerable 
quantities. 

Dweription. The variety used 
medicinally is tho Jordon (French 
jordinl nlmond, exported cliiefly 
from Malaga. Tliis is about 20 to 30 imn. long, 10 to 16 nan, wide, and 
8 mm. thick, and is flattened oblong-ovoid in shape. Tho testa is tlun, 
brown and scurfy. One edge of tho seed is more acute and the other ra 
rounded. At tho apex of the rounded edge is tho linear Ijilura and the 
raphe runs from tho hilum along tho odgo to tho blunt end of tho seed 
where tlio chalaza is situated. From tho chalaza numerous vascular 
strands branch ond extend towards the pointed end of the seed. The 
kernel consistB of two largo pl&no-convox oily cotylotlons enclosing 
a stem apex and a small radicle. Tho thin inner membrane which la 
removed with the brown testo is in reality a very thin layer of endosperm. 
Odour none, tasto bland and nutty. "When triturated with water they 
yield a white emulsion, destitute of any marked odour. 

l^tology. The outer epidermic of the testa consists of polygonal cells 
with scattered, large, pitted, not »®ry thicfc-wallod aoJeronchyinatoiis cells 
occurring singly or m groups; individual etono colls vary from about 
60 to 200/i in diameter, a lorgo proportion being over lOO/i, and up to 
400/4 high. In other related seeds sudi as kernels of prunes and apricots 
there is a similar epidermis, but the stone cells are smaller, being about 
60 to IQOfi in diameter in the aptieot. Beneath tho epidermis is a small 
amount of parenchyma ; next a bimd of collapsed tissue and within that 



Fio. 59. Almond: a. Sueefc Almond j 
6. same, cut JongitutltnaHy ; c, Bitter 
Almond ; d, same, cut transversely 
Natural size. {Holmes ) 
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fiomo more parencM-tna and an inner epidennis consisting of quadrangular 
or polygonal tabular cells about 10^ and containing bto'svn contenta. 
The atevTtme grains are mostlj’ 3 to 7#t wide trith a smaller proportion 
measuring 10 to 15»» ; they ctmtain globoids and the larger ones also a 
ro'iette or sometimes a prism of calcium mralate, 

ConstitiieDts. Street ahnonds contain from 45 to 50 per cent, of a 
bland fised od, winch can be obtained by pressing the seeds, and about 
20 per cent, of proteins, amongst wluch is included a mixture of enzymes 
known as emulsin. They contain also a Uttle sucro^. gum, and aeparagin, 
Almond oil is pressed both from the sweet and the bitter almond. The 
oil is pale yellow, nearly inodorous and has a blast! and nutty taste. It 
consists chiefly of olein accompanied by a small proportion of Unolein, etc. 
It contains no stearin and it does not con^a! abovo — 18^ 

Varieties, rofmcio : these are broadly ovoid, shorter, and have a 
thicker, da'dy brown, scurfy coat. 

^^tcj'h'onand ffariary: bofhof these closely resemble the Valencia, but nro 
rather eroallcr ; they occasionally contain admistures of bitter almonds. 

Kote. Hai^t Indian almonds aro the seeds of the easlievr nut, Anacardium 
occidenfale, Xinn., family Auacatdiaceaj ; the pencarp of the fruit 
contains an oily, xtsicating liquid, cardoh but the seeds are edible. 

Uses, Sweet almonds are demulcent and oatritire. They aro used as 
a non-starchy fo^ for diabetic patients. 

BITTER AtMOKUS. Amygdala Amara 
Sources, The bitter almond tree (Pn*ni« eomtnunU Arcang, \‘Br, 
QiTwira ^Imeiifor) la indistinguisfiable from the sweet b}* any permanent 
Iwtanical character and enjoys the same geogropliicaj tb«tribu(ion, 
although It la not cuUh-ated to so largo aa extent. 

Bitter almonds are imported clilefly from northern Africa, from Sicily, 
and from the south of France. 

Description. En form and ap|>earanco bitter almonds closed resemble 
Valencia almonds, but tliey are usually smaller and le«s regular. They are 
usually about 20 nun. long, 12 5 niro. wi<le and 8 ram. thick ; the markings 
on tho testa resemble those on the «weel almond. They have, however, 
a bitter taste, and jicld with water an emuNjon ca«ily distinguished from 
ihat of tho sweet almond by Us cbanicteri-'tie odour. 

Histology. Tbe microscopical structure lesemblcs that of the sweet 
almond (sec above). 

CossUtseots. Bitter almond? irsembla the sweet m contnining both a 
bland fiietl oil (40 t<» 45 per cent.) and protein-s, the former of which is 
oblntncil by cm-hiog the almonds bi'twccn lionzontal groove?! rollers and 
prv>v«.inK in powerful hydraulic pres.-.c«. They contain also a colourtcss. 
crj-«tnlluie glueoside, nmygiUVm (2 5 to 4 per cent.). Thi-s substance t? 
left in the rake obtainesl after tho oil lias been expres-sc?!. and can be 
extrocKMl from it by digestion with alcohol. It Iww a bitter taste mid n 
bill wlicn an aqueous aolulion is iruxcsl with an omuKion of 
»orr,«t nlmon<U the amygdalm w dceon»po«*c«l wnh production of benrehlv- 
hjTfli'. hjiirocyanic ocid and destroy. 

Tins cliange is oflocted by the emuNm contamwl m tho -wreet almdnil. 
Linulsin is also contained la all the tiasuos of tho bitter almond. tVhrn, 
therefore, bitter almonds (or cake) are crushed and rauetl inth water, 
the cliftracteristie cdouta of bersealdebyde and hvdrocj-mie acid are 
‘lerrfop^d. If, after rtandtngr « few Iwure, the mixture is subjccteti 
to distdlntion, an oily liquid of strong, bitter almond odour is obUmod. 
tr-g^tJu.-r wiihnqamtity of watery iHstdlatej Iheoil iss-oJatil<!(orc<«ontjal) 
wl o{ bitti r almomls, nn<l consisU eC bmMklth'hydo amt hydrocyanic acid. 
IviMly ii, th** fnv “tatc and p wtly ewrabine*! A«'!>«nzaM**bvd« m-nnhvdnn. 
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It cnn bo frood i-i---- *. ; 

nil t . ■ 

fom • . . • Uvj ubinmca Jrco from Ijydrocyftnio ncid Irv 

rodistillif g in a current at Etenm. Ko *• — r’." 

is <!ovoloped by Iho sweet olmonti, bccai * . 

Bitter almonds ytoW from 0“C to 0*8 ' ' . ♦ 

0-25 per cent, of hydrocyanic ncUl. 

Many otlior Rowecoiia plants contain flmygtlalin, such as tho peach, 
apricot, plum, ote., not only in tbo hut aUo in (ho young shoots 
and flowor-bmls. 

fth ■ ■ • * ‘ \ vi i ruKM strotinn 

El l'..i ..juiojysia i» Raid to occur in !}irt*o slagei*, each cffcclwl by a 

particular cnejmo contained in tbo cmulsin. 

Uses. Bitter almonds nro ««lative, but as tbo poisonous hydrocyanic 
acid yielded by them 1,711708 in <\«anttiy they aco unreiiabto. Tiicj' aro 
also eroploycil for fiavoonng. but they »bouW, for a wmilar rvawu. bo used 
7Vjth caution. 

SnbsUliJtej, ApriKoi Icmeh contain constituents similar to thoso of 
tbo bitter almond Tfioy aro imi>ortc<l in largo quantities from Syria and 
California and aro often. U8e<i in th<j place of bitter almonds. Tlio fixed oil 
cxprcsRcel from them is commonly «»hl Wi Oleum Amj’gtlnlsc rersicum " 
or “ peach kernel od.” From tbo cake an osscntinl oil (0 0 to bO per cent.) 
IS distillcfl ns from bitter almond cake. 


MEtOIT FfTSIFEIK SEEDS. Coeorbito Semina Preoparaia 
Soarces. Melon pumpkin aecda aro r* 

Du-'' . I • •• I,., . , : 

flho i • »■ 

tlia- • • ‘ . t ’ • . * • ’ 
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rittlo i 
ha\t> ft 
d{ two 
they 


iitivo A taint odour and ^ .. iuhio. 

ConstitacuU. Melon pumpkin ewls contain an acrid resin to wJu'ch 
their activity ims been ascribctl and About SO per cent, of a reddish fired 
oil together with proteins, sugar and sinreb- Recent experiments have 
failed to abow that either tbo ream or tbo oil possesses therapeutic activity 
(Power and Satway, 1010). 

Uses. As a ttnnicide. 


BtTTEA. SEEDS. Batete Seouna 

Sonrees. Butea seeds aro tbo eoods of JJtiica JrofvSoaa Roxburgh family 
Legtiminosa), a tree indigenous to India. 

Descripliocu Tho seeds aro rcniform in sJmpo and I'ory flat, from 25 to 
38 mm. long, 16 to 25 mm. bexiad. imd • Sccdcoat dark 

i - icar tho middle 

ami yeljowisb. 


i,auout ly per ct • 

activity has beer !• ’ • • ' , 

produce toxic eyn-i uvi tuiuuor the xwwTlec nor the fixed oil nctit as 
an efiicient anthelm.mtic {Mhasfcar, 1923) 
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Uses. Tiwy are used as an aporiont and entholnuntic, and are said to 
act as a mlMfaciont when ponnd^ with l<»non Jui-co and applied to the skm. 

TOHOO BEAKS. Semisa Tosco 

Sotxrces. Tonco (tonka or tonquin) beans aro the seeds of two spocios 
of Z>ip?ert?z, family Legurainosjo, va„ J5. odo-rata Willdonow, and D. 
oppotilifoUa WiUdcnow* both trees of Considerable size, tho fonnor a 
native of Guiana, the latter of Brazil. 

Collection and Freparation. Tho tree bears sa indohiscont, drupaceous 
fruit about tho size of an egg, xntH a fibrotw penoarp containing B single 
brootilsh. violet soed, about tho size and ehapo of an almond. Tho fallen 
fruits aro collected and split open, the aoeda romoved and dried on flat 
rocks. Somotunea they are placed upon tho 
market without further treatment, but largo 
quantities fvro brought from South America to 
Trmidad, whore they aro proparod for tho 
European and Amon'ean markets. 31i«3 prt^iam- 
tion consists m stooping them in rum, remoii'ing 
tho excess and drjung tho eocds. By tins treat- 
snent a wliito ciystnllino crust (of coumarm) is 
produced on tho aurfaco of tho seeds; tho latter 
may tlierefor© occur “ black or “ fowted ” ; wlien 
dry thoy nro packixl in coses or casks for Bhiproent. 

Dcsetiptlon. Tonco beans closely resemble a 
Jordon almond m size and slinpe ; tlioy are 3 to 4 
cm. long, 10 mm. wide and 8 mm. thick, and liavo 
a nearly black, coarsoly wrinkled surfaco which, 

In tho froBtcsl seeds, is covered with minute, 
wlutish crj'stnla. Tho beans aro rounded at one 
rnr] but (crminAte at tho other in n broarl. flat 
point. Just bflow wliich on tho obtu.«e margin of 
(ho b<*<kI tho inicrop>‘lo oppoam as a brosniisli 
Mar. Internally thoy aro <inrk yellow, yellowish- 
brown, or nearly bUck, an«l consist of two largo 
oily cotyldlon", without rmlo-qvrro, cnclosuig a 
plumule Will I two fohleil nml ft sliort thick 

rtulicle. 

Tonco bonus luivo a powerful ami ftgrwftlily fmgmiit oilour and an 
uromatic pui'g-mt |asl««. 

CoastltcenU. Hie bo«U owo their frograuco to cottmarin, of which they 
may contain os much m 3 per cent. 

Varieties. Tho chief s-anotie^ of tonco bcAtis aro tlio Angostura and 
tho I'ftrA. each of nhwh tnay orcur frwtol or black , iho Angostura beans 
arc iho Urv»T and moro smluablo. 

Uses. Tonco l..-ans find tlwir {w^tnciisil ttw in jwrfumety ; tlicy aro 
frcqnenily inix>'<l with vniulla iK-nns m the prcpamtion of oxtrnct of 
s'aniJta. 

FEA KUT. Etrib Kat, Orooad Kat. ArtchLs seed 

Sources. Tlie JVnnul U the ».ssl of Antrl,{4 hypoijat Linn., family 
on annual plant which U a natK-c of tropical South Am-^rica 
«'v<t i« niUivatcl If, many tmpim! and sub^tropical countnea inclu.ling 
htg'-tia. Kenya, China. Java ivnd India. Tlio plant grow* to a lieight of 
3*1 In TA rtn. and i< rrm.>rkah1<« berauv, U rzhibita tho phenom-non of 
C'—wq.y fl rpfcr malka grow dnwnwwnls and bury the young 

tm>i*ij)w!/-r tlic trnmtul, wljerc tliey rijwH. 



Fjo. CO. Tonco IwAn. 
Fruit cut surtically, 
showing tho Rfod. 
(PlanclwnandCollm.) 
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Description, Eacii coutains one to tlueo, vi>>naUy two, sectl-*, wliicli 
fin tfic pod BO closely timt they press upon oiw another ««<! one becomes 
flattened at the hilar end and tho other at the chalazal end ; they are 
ovoid to ovoid cylindrical, 10 to 15 imn, long { the testa is brownish-rod, 
brittle and popery ; the komol is yoHowisluwhite ond consists of two largo 
fleshy plano-convex cotyledons, -whieh aro grooved on tho flat surfoce, and 
a small radicle and plumule. 

Cottstituects. Tho seeds contain fixctl oil 40 to 60 per cent. : proteins 
25 to 30 j>er cent. ; starch 15 to 20 percent., tho Rtarcli grain'i aro rounded 
and G to I5>i m diameter. 

Arac?iis oil la pole yellow or green ish*yollmv with a nutty odour and 
taste. Specific gravity O-OiG to 0-920 ; I'odino value 85 to 09 ; saponifica- 
tion value 188 to 100 ; acid value not ovor 4 ; refractive index 1-4C25 to 
1-4646 at 40°; consiats elnofly of tho glycerides of arochic, stearic, 
iignocenc, oleic, hj^io^ie and hnofic ncafs. It may be idcntiflod by 
saponifying a mil. wjtli 16 ml. of JT/l aJeoboJic solution of potash, allowing 
tho mixture to stand for twenty-four hours at lfl'6®, heating on a water- 
bath for three minutes and again sotting aside, when crj'stals of impure 
potassium arachato separate. Arachic or arachidlc acid is rcmnrkabh lor 
liavuig a high melting point, viz., 77*’. 

SOY BEAK. Soja, Sojae Sexmna 

Soy beans are the seeds of Glycine Soja Sicb. ebLucc. («= G. kiaptda 
Maxim.), faraiJy X^gtimixiosaj.an annual herb cultivated in Manchuria, 
China, Japan, India and in parts of America and Europe. 

Description. Tho seeds are rounded-ovoid and about C to II mm. 
long, 5 to 8 mm. wide, and 4 to 7 mm. thick ; 100 seeds weigh from 
I4'6 to 33 gm. ; they have a palo yellow or buff colour, though there 
aro both brotvn and blae]{ varieties, a few seeds of which, usually less 
than I per cent , may be present in any given specimen. The testa is 
tough and somewhat translucent, and in tlic centre of one of tho longer 
edges of the seed is the hilum, 3 to 4 mm. long, with the micropylo at 
one end and a small strophiole at the other end The embryo com- 
pletely fills the seed and consists of two large plano-convex cotyledons 
with a small hypocotyl-radicle and plumule. 

Histology. Tho palisade epiilcrmis of tho testa con'iiats of polygonal 
prismatic cells 45 to 60/;* high and 7 to 20/x wide, with pitted and thickened 
ceUulosie antichiml wads ; the hypodermis consists of I-shapeil “bearer- 
ceUs " 40 to 120i» high and 30 to 40;* wide at top and base and 18 to 30f* 
at tho middle Tiio remainder oC tho testa consists of somewhat flattened 
parenchyma ; this is followed by a sioglo layer of aleurone cells and some 
obUtorated parcncliyma, forming a hyaline layer in a transverse section. 
The cotyledons are composed of thm-walled parenchyma with a three- 
loycred i«ilisado on tho fiat side ; the cells contain fixed oil and aleurono 
groins, about 3 to lln in diameter and showing a crj’atalloid and globoid. 
Scattered throughout the tissue of the cotyledons are celh, each containing 
a double pnsm of calcium oxalate, about 24'5ft long and 4 to 5#t wide. 
The hilum-furrow hn% a double ^idormh and a group of tracheids abutting 
upon tho end of the raphe, as is usual in leguminous seeds. Starch is 
absent from ripo seeds, but a few small grains may occasionally be found. 

Consfitueots. Soy bean containa fixed oil, about 18 per cent., 
proteins, about 38 per cent., and the enssjTne urease. 

.8oy bean oil is golden yellow , hcat^ to 2G0*’ it becomes pale ; 
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BIACK MUSTARD SEEDS. Semina Binapis Nigrm 

Sources. The btack mustoid plant. Br^aiO" Srtil'of 1 Sro 

Koch}, family Crucifene, an erect oramal plant attaining a ® 8 - 

ot more, i. Uny.ly oultirato.! in Holinmi. Engl ami, ’.S 

other eountriS. The i...... am nnootl.. erect. nppre,.red „lK,na., each 
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contauiing about ten or twelve minute dark seeds. These are separated 
when ripe, and dried. 

Description. Black, or, as they aro sometimes termed, brown or red, 
mustard seeds are of a dark roddish.brown or greyish*brown colour, 
sometimes nearly black, and are frequently partially covered with very thin 
wlntish scales (dried mucilage from the epidermis, probably the result of 
damp). They are nearly sphoricol and about 1 mm. in diameter. One 
Imndred seeds weigh from 0*14 to 0*17 ^n. The surface of the thin ond 
brittle testa is minutely reticulato, and tivo hilura is evident as a paler 
point Adlioront to the inner eurfaco of the testa is a tliin membrane, 
which is tlio residue of the endosperm. 

The kernel is greenish-yellow and oily ; ‘ ' . ' ’ • - 

its two cotyledons placed face to face an 
against the back of one of them, a positio 

while the cotyledons aro said to bo incumbent upon the radicle. Tlio 
cotyledons are themselves folded along their midribs so ns to partially 
surround tlio dorsal hypocotyl-rodiclo. Tho seeds have no odour and a 
taste which is at first bitter and then strongly pungent. Wlien tho seeds are 
crushed and moistened with water they evolve a strongly pungent odour. 

Histology. The testa consists of two coats, the outer being well 
developed while the inner one consists of a layer of collapsed cells. The 
onUr epidermis is formed of polygonol tabular cells, about 40 to 65/t in 
tangential length and width, the lumina being almost completely filled 
witli mucilage. Tlie hypodermis consists of very large empty and flattened 
polygonal cells, tangentially about 70 to 85 to 105#* by 60 to 70 to 90/i, 
beneath which is the inner cpiderrots of the outer coat consisting of a 
palisade of small polygonal prismatic cells, about 7 to 16^ wide, which 
liave a greater height, about 55/», beneath tho walls of tho hypodermis, the 
intervening cells diminishing in height to about 25;i towards the centre of 
each hypodormal cell. Tho basal and anticlinal walls of this layer are 
thickened and lignified, giving them the form of beaker-cells and having 
the appearance of lioreo-shoo thickening in sections of the testa. The cells 
of tho inner coat contain a dark-coloured pigment consisting of tannin and 
giving a blue colour witli salts of iron. The tliin membrane within the 
testa consists of a layer of moderately thick collulosic-wallod cells forming 
the aleurone layer and an imderiying layer of collapsed cells. The cells of 
the aleurone layer contain fixed oil end aleurono grains. Tho tissues 
the embryo consist of thin-walled polyhedral cells containing fixed oil and 
aleurone grains. 

Constituents. Black mustard contains mucilage in the epidern^ of the 
testa ; in tlie embryo there are about 27 per cent, of fixed oil, about 
29 per cent, of proteins, about 4 per cent, of a glycoside, sinigrin, an 
enzyme, myrosin, and a small amount of acid sinapmo sulphate. Sinigrin 
is also known as potassium royronote. In the presence of water, the 
m 3 Tosin acts upon sinigrin to yield glucose, potassium acid sulphate and 
allyl iso-thiocyanate. This latter substance is a volatile oily material and 
responsible for the powerful pungent taste and odour obtained by moisten- 
ing tho powdoied seeds. Brom 0*7 to 1-3 per cent, of volatile oil can be 
obtained from the seeds and tlio oil contains at least 92 per cent, of allyl 
iso-thiocyanate. 

TTseS. Applied externally, black mustord acts as a rubefacient and 
coimter-imtant ; this effect is followed by loss of sensibility in the part, 
and consequently relief from previous pam. Prolonged action may result 
in vesication. Internally, mustard is used as a condiment and in full doses 
as an emetic. ^ . . j , 

Hote. Indian mustard (B. juncea Hooker and Thoms) is widely 
cultivated in southern Rii«isin and India ; the seeds resemble black mustard 
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but are rather larger and browner in colour ; the volatile oil is believed to 
contain about 40 per cent, of ally! ieothiocyanate and 60 per cent, of 
crotonyl isothiocyanate, C^HjNCS ; they are somotimes sold as black 
mustard seeds, 

WHITE MUSTARD SEEDS. Sesuna SInapis Albce 

Source, etc. Brastica alba Boissier, family Crucifer®, the white mustai d, 
is cultivated like the black mustard, which it closely resembles, but not to 
so large an extent. It differs from the black mustard m producing more 
or less horizontal, hairy fruits, those of the black mustard being erect, 
appressed and smooth. Each fruit contains from four to sir seeds. 

Description. White mustard seeds are yellow in colour, nearly spherical 
in shape, and about 2 mm. in diameter. The seed-coat is vorj* minutely 
pitted, the pits being so small that the seed appears smooth until examined 
with a lens. Internally the seed resembles in structure that of black 
mustard. It becomes coated with mucilage when soaked m water. 

"White mustard seeds, either whole or powdered, or© freo from pungent 
odour, even when triturated with water. They have a pungent tasto. 

Histology. White mustard closely resembles black mustard m structure 


absence of a distinct polygonal network in surface view of the testa as seen 
in block mustard. The inner seed coat is also devoid of colouring matter. 

Constitaeota. "White mustard seeds contain a fixed oil (about 30 per 
cent.), mucilage (in the epidermis of the seed-coot), and proteins (about 
25 per cent.). Starch is not present m the npe seeds, which yield about 
f cent, of ash. They contain, m addition, a ciystolline glucosido, 
Binalbin, and the same enajme as is found m the black mustard seed — viz , 
myrosin. Sinalbin is readily soluble in water and in boiling alcohol, but 
0 ^ veiy sparingly in cold alcohol } it assumes an intense yellow colour 
when acted upon by alkalies. Under the influence of myrosm in the 
presence of water, it yields acid sinapine sulphate, dextrose, and acruiyl 
(parahydroxybenzyl) isothiocyanate. The decomposition may be lopro- 
sented by the following equation : 

C„H„N,8,0„ = C,H,O.N:C;S + C,H„0, + 0xgH„NOjHSO4. 

Slaillilji Acrlo;] Uo(hloc7«i*t« Dextrose Arid slnsplae SQlphate 
three substances, acrinyl isothiocyanate is a yellow oily liquid 
V 1 taste and powerful rubefacient action, but os it is not 

olatuo it 18 destitute of pungent odour or pungent effect on the eyes. 
iMpme 13 an imstable alkaloid that has not yet been isolated ; the acid 
.... 

“ ■ _ ■ int properties 


CALABAR BEAN. Semina Physostigmabs, Ordeal Bean, EserS Nut 
Sources. Cainbar beans are the npo seeds of Pkysostigma venenoautn 
lanuly Leguminos®, a woody climbing plant indigenous to tho 
Africa, especially near the mouths of tho Old Calabar and 
*^''**^ ascends trees and, drooping down, bears pendulous 
flowers. These are succeeded by legumes about 16 cm. m 
bt-nn* V.**' which two or three large seeds are containctl. Calabar 

nave long been uspd on the west ©oast of Africa ns “ ordeal ” bc.sns, 
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They became known in England in 1840 ; thoir power of contracting the 
pupil of the eyo wag discovered by Frasor in 18G2. 

Description. Calabar beans arc about 25 to 30 nun. long, 16 to 18 mm. 
in maximum breadth and 10 to 15 mm. thick and are oblong-renifonn in 
shape. The testa is dark reddish-brown, hard, thick, shiny and somewhat 
rough. The hilum forms a deep black groove about 2 mm. wide extending 
the entire length of the curved odgo of the seed and passing completely 
round the more blunt end. The micropyle is at the more acute end of the 
seed adjacent to tho end of the hilum. Within the testa aro two concavo- 
convex starchy cotyledons. The hollow between the cotyledons, being 
lilJed With air, causes the seeds to float on water. The seeds have no odour 
and the taste is bean-liko 5 they aro very poisonous. 

Constituents. Calabar beans contain about 0'04 to 0‘3 per cent, of 
physostigmino (also named esorino), about 48 per cent, of starch and 23 per 
cent, of proteins. There are also traces of several other alkaloids and a 
small amount of fixed oil. 

Physoatigmxnt, CjsHjiOjNj. forms colourless rhombic crystals melting at 
105®, or 80° to 87°, the alkaloid being dimorphous ; aqueous solutions of 



Fio 02. A and B, Calabap bean, Physoatigma ventnoaum. A, side view 
showing sub-reniforra shape. B, edge, showing the long hilum, 0, seed of 
P. cijUMrcapermum showing the shorter hilum. (After JIaisch.) 


Its salts rapidly become pink, duo to conversion of tho physostigmino into 
rubresorine 5 it powerfully contracts the pupi! of the oyo. 

Substitutes. P. cylindroapertnum Holmes ; seed nearly cylindrical, 
hilum shorter ; were imported in 1879 and are said to contain 
physostigmine. 

jTucuno urena cfe Candoffo, famify Leguminosso (fiorse-eyo beans/ ; 
brownish and rounded. 

Entada acandena Bentham, family Leguminosai (garbee beans) ; flattened 
discoid, 6 cm. in diameter. 

Pentaclethra macrophylla Bentham, family L^uminosai, mussel-shaped ; 
7 cm. long, 6 cm. wide. 

Uses. Calabar beans are chiefly used ns a source of the alkaloid 
physostigmine, winch is much employed to produce contraction of the 
pupil of tho eyo. Both tlie drug and tho nlkofoid have been employed 
111 tetanus, locomotor ataxy, and as an antidote in cases of stryclmino 
poisoning ; large doses produce an increase of blood-prossuro, retardation 
of respiration, and finally death by asphyxia, 

OUARAKA. Pasta Guarante 

Source, etc. Guarana is prepared from the seeds of PaulUnta Cupdna 
Humboldt, Bonplanil, and Kunth, family Sapindacex, an elegant climbing 
p]irnb indigenous to and common in Brazil, especially in the basins of tlio 
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Amazoa and its tributaries. It dcm-cs its noroo from tho Guarmis, an 
aboriginal tribe of Indians. 

Co&ciioa aad freparatioB. The difficulty of coliecting the seeds from 
tho wild plants, which, though ccMjmon, are not easily accessible, has 
apparently led to their cultivation, the plants being trained to poles 
like hops. Wien the pods open to discharge tho npo seeds they ore 
collected. The seeds are sub-spherical wttli a deep red*brown. shming 
testa ; they are about 11 to 12 by 8 to 10 by 8 mm., somewhat flattened 
at the base where there is a small cupule-likoftril. Th^ seed is exalburoinous 
and hss two suh-licmispherical starclyr cotyledons. They are first washed 
and then roasted to loosen them from a p<q»etj* tosta, from which they 
are partially freed b}' beating. Tlie broken kernels are made mto & dough 
with water ; tliii i.s then divided and moulded mto masses of varying size 
and shape, sometimes represontirg nn nnimal (fesh, turtle, ItJtard, dog, 
etc,), fruit or leal, which are ^nlly dried at n gentle heat by means of a 
slow fir^ Prom tho hard mass thus obtained portions are grated oft with 
a largo file, made from the dried rough tongue of tliQ fish, ^rapntmo gigas,* 
and served m glasaes of water, foimu g a refreshing drink. 

Desciiptioa, Guarana commonly appear® on ihp marbet m tho fonn 
of extremely hard, heavj*, eausage-diaped masses, varying from 10 to 
30 cm. in length and from 2-5 to 4 cm. in fbicknasa. Tho outer surface 
is dark eliecolate-brown in colour, and would bo smooth and uniform 
were it not that small angular fragments, often of lighter colour than the 
rest, project slightlj’ i these fragmont® are eviclontly the larger pieces of 
the broken seed. The fractured surface, smoothed with a knife, is reddish 
in colour, and oshibits, hko the outer sutfoco, small, paler, irregular 
frMmonta embedded in a darker, reddish mass, but no dcfinito etruoture 
is disoemible. Tlie powiler, in which form the drug is administered, is of a 
Wle, red colour ; it has ascorcely poteoptiblo odour and shghtls’ nstringont, 
bitter taste. 

CcwtitucBts. Cuaiana contoins from 2 6 to nearly S per cent, of 
caftcine, guarnnatin, a littlo catcchu-taruuc acid, abundanco of starch, and 
a hitle fot, Tli« caffeine exists in tho seeds in combination with the 
guaranatin, possibly tus an unstable glycosido which splits up into caftoino, 
guaranatin and sugar, tho guaranatin passing mto goarana-red 

Adulier&iion. Tho amount of caflemo should not be loss than 2*6 per 
cent. Microscopical examination has shown the presence of the seed-coats* 
which may have been only imperfectly Bcparated, and frequently of foreign 
Btarches. Thcans (1894) found in guiwanft 8 03 per cent, of moisture, 
1-68 per cent, of ash, and 2 C8 per cent of caffeine, the seeds themselves 
yielding closely concordant figures. 

Guarana U employed aa a nervuio stimulant m the eamo way 
that tea and cefifee arc, and i>roduccs similar effects. It has been long in 
common use in Brazil. 

COLA SEEDS. Eeniiaa Cblse 

Soarce, etc. Cola eoeda, somotimes called Cola or Kola nuts, GooroO 
uutB, or Eh^ nuts, &ro obtained from Coin -vera Schumann, family 
olerculiaceffl, a largo and handsome treo rosembling in habit tho Spanish 
K is a native of tropical Africa, glowing wild in Stezra. Leone, 

^ orlh Ashanti, near tho sources of the Niger River, etc., but cultivated 
in other tropical countries, such as tho W«»t Indies, Brazil, Java, otc , our 
^.Pphes being derived cither from lha west coast of Africa, or from the 
'test Indies. 

An^ima giffa* Jii-rs Jn tho »vor Amazon and m tho larrost knovn tre«h 
rub, atUming a lengthens feet. 
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Collection and Preparation. Tho woody, copsular fruit of tho treo 
contains from five to fifteen largo white or crimson seeds which arc removed 
and deprived of their scod-contR, tho kernels only being used ; these ore 
chewed wlulst still fresli, either before or after germination, and have been 
highly valued by the negroes for many centuries for their stimulating 
properties, in which tlicy loscmblo too, coffee, cocoa, otc. 

Largo quantities of tho Roods are collected and consumed by tho notives, 
who also carry on a considorablo trade in them. Packed in baskets with 
tho loaves of tho cola tree they con Iw kept fresh, and in thi^ state are 
brought chiefly from Lagos to Sokoto, Kano, and Timbuctoo, whence they 
arc distributed to other parts of Africa. Tho fresh seeds are also occasion* 
ally exported, but more commonly tho kernels are Boparote<l into tho two 
largo fleshy cotyledons and dried, during which tho white or crimson colour 
charges to a dull reddish-brown. 

Description. Dric<l cola sceils, n.s commonly seen in this country', 
consist of tlio kernels only of tho seod«, sometimes entire, but more often 
separated into tho two cotyle<lona. Externally, they have a dull dark 
bro^m or reddish-brown colour ; internally (hoy nro usually somewhat 
paler. Tlioy arc hard and solid, and cxlubit, when cut, a perfectly uniform 
' ■ ’ ...... . . oy ftro about 2 to 5 cm. 

In shape they may bo 

. . • jo-ahape(l, or irregularly 

six-Ruled. A shallow furrow encircles tho kemol, whoro tho two cotyledons 
moot 5 trnnsvorRO to this furrow at one end of tho seed, a distinct cleft 
may bo found, paitially separating each cotyledon into two portions. 
Coroploto kernels may easily bo separated into their constituent cotyledons, 
and the small radicle will bo found towards tho bottom of tho transverse 
cleft. Fresh cola seeds have a bitterish astringent taste, whicli is scarcely 
perceptible in tho drj' seed ; the latter are olso destitute of any marked 
odour. 

Constituents. Cola seeds contain caffeine (1 to 2*5 por cent.), kolatui 
{0*76 per cent.), and traces of tlicohrommo. There ore also present 
kolatoin, an oxydase onzj'mo, fat, sugar, and obundanco of starch. 

Kolatm, C|Hj 04 , is crj'stoUmo, slightly soluble in water, but readily 
in alcohol. In tho fresh seeds tho caffoino and kolatin are combined, 
in tho form of an unstable kolatin-caffeiiio glucosido. During the dr>’ing 
of tho seeds tho kolatm is converted by tlie oxydaso into kola-rod, caffeine 
being simultaneously liberated. Ko!a-rc<l is allied to tho phlobaphenes, 
and is present m tho dried drug to tho oxclurion of kolatin, imparting to it 
tho characteristic cofour. If, iiowovcr, tho frcsZi seeds nro hoi/ed and the 
oxydaso thus destroyed, they retam, when dried, tho colour of the fresh 
seeds and contain the kolatin. Tho fresh seeds may also be preserved by 
beating them into a pulp with an equal weight of loaf sugar. 

Uses. Cola seeds have properties similar to those of tea, coffee, etc., 
and are used as a nerve stimulant. Kolatm was found to increase the 
energy of the cardiac contractions, and as this substance is not present 
m the commercial drug, it having been converted into kola-red, tho 
therapeutical action of tho dried seeds is somewhat different from that 
of the fresh ; hence possibly the strong preference in Africa for the fresli 
seeds. The action of the dried sterilised seeds resembles tliat of the fresh. 

Varieties. O. acuminata Schott and Endlicher ; Cameroon and Congo 
States ; the seeds have three to five cotyledons ; they are eaten like tlio 
genuine, and are sometimes imported, but contain less caffeine and are 
less esteemed. 

G. BaUayi Camu ; Gaboon ; the seeds have six cotyledons and contain 
but little caffeine. 

O. astrophora Warburg, tho red cola of the Adhantis, always has red 
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eecds 5 0. alba tho white cola of tlie Jfgatw, always has whitisli seods. 
C, vera is said to bo a hybrid of these two species > its seeds are sometinies 
red, sometimes white. 

Other seeds have from time to tmao been substituted for cola seed*!, 
but the genuine are easily distingui^ed by the characters given. 


HUX VOMICA. Semina Stryclmi,Nox Vomica. Crow lPig 
Soorces. The nux vomica tree, Sttychnoa Xux-vomica Linti. h'nmily 



iio. 63. S<»i cj SiTi/iJino 0 Nux-romiea. A, external surface of seed. 

JK s^tloa of seed parallel to the flat faces. C, section at right angles to 
the faces. J), iraiwerso section'of outer part of seed. transverse 
^tions of limbs of tnehomra. f, bases of trichomea m stirfaco view 

V ' ■ ' ica of 

• ■ ■ } fPt 

■ ... ■ 

I^»ganlacca?, is a small tret »**.*» *. > — . 

in Ceylon, Siam, and 

have beeji unauTirc of its . • • - 

KuroiH: in tho sixteenth century, but wna not mnch n^eil in medicine. 
«>euip clnefly employed to poison dogs, <«ts, crows, etc. 

1 Preparation. Tlio iMix-vomwa trvM' groui* uihl on tlio 

v Malabar eonqi in Tmnmcoro ami Cochin an<l a!-.*! on tho 

iroiruindel coa«t In tho districta of Ganjan. 0<xlft\Tf>''amI Kelloro . tlnwn 
" s art' re^jvytiwly tho Wf“>lem nml K».vtem OJiats of BouHipm In<tm 
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Tlie fruUb are sub-sphei ical and about 3 to 6 cm. in diametei with a 
leathery epicarp and a bitter whitish pulp in which from three to five seeds 
are embedded. The fruits are collected by members of the forest tribes 
in the districts named above, the seeds are removed and washed free of 
any adherent pulp 5 they are then dried in the sun on “mats.” Seeds 
’ ' " " '.any pieces 

. the surface 

. ■ ‘ ‘ are usually 

marketed uncleaned and unaorted. The finest seeds come from Ceylon. 

Description. The seeds are disc-shaped, being about 20 to 25 mm. in 
diameter and 4 mm. thick, of an ash-grey or greenish-grey colour. 
They are usually not quite flat, being a little depressed on one side and 
arched on the other, or sometimes irregularly bent. They are covered 
with numerous, closely appressed hairs, radiating from the centre to 
the circumference, to which the satiny sheen of the seeds is due. The 
edge of the seed is sometimes rounded, sometimes acute, according to 
the variety , at one point on the margin, ivhere the mieropyle is 
situated, there is a distinct prominence from which a raised line passes 
to the centre of the seed. This line does not exist in the fresh seed, but 
makes its appearance during the drying and disappears when the dry 
seed is soaked in water. The hilum is in the centre of either the raised 
or depressed surface. Beneath the single seed-coat there is a lining of 
horny endosperm about 2 mm. thick, leaving a central narrow diso- 
shaped cavity about 16 to 20 mm. in diaroete;r and up to 1*5 mra, wide 
at the centre. The endosperm is perforated rfbovc the mieropyle by a 
cylindrical channel leading into the disc-shaped hollow and enclosing 
the terete radicle of the embryo. Attached to the radicle and lymg 
within the hollow are two cordate leafy cotyledons having a distinct 
palmate venation with five to seven veins. The cotyledons are aboiit 
6 to 6 mm. long and the radicle about 4 mm. The endosperm is 
translucent grey m colour and the embryo is whitish. The seeds are 
almost odourless and have a persistent and intensely bitter taste. 
Nux vomica seeds weigh from 1*4 to 2-4 gm. each ; small inferior seeds 
may weigh as little as 0 5 gra each. 

Histology. The testa is about 0-1 mm. thick, the greater p^rt bemg. 
formed by the epidermis. Each epidermal cell is extended to form an 
appresied trichome about 600 to 8O0 to I.OOOr* long and 25ji in diameter. 
The basal portion is about 75/t high and broad and of about the same 
width ; the Walls are strongly thickened and I^nified, the anticlinal walls 
being undulated and pierced by tubular pits which are sometimes more or 
less spirally twisted. The hmb of the trichome has about ten longitudinal 
ribs of ligtiified thickening upon its wall. The inner region of the thin 
testa consists of collapsed cells fonrnng a layer about 25/* in thickness. 


protoplasts of the endosperm cells communicate througli the cell-walls by 
means of very fine protoplasmic threads — ^termed plasmodesma — appearing 
in sections as numerous very fine Imes crossing the walls and rendered more 
cvidciit by staining with iodine. Fixed oil is present in the moshos of tlio 
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protopia^m &>> uUo *ve akurmie gta»n«. These grtvJns aic fioin 15 to 30ji 
wWe Of even up to 50ji and of vantnis irregular shapes ; they do not 
contam crj'stalloids, but 6e\*erfll globoids ate usually present m each grain . 

The length o! hgnified rib pet indbgrainmo of air-dry iiux vcroica has 
hfvn mensured. Several varieties of seed were examined and gave the 
values 167 to 184 to 206 cm, of nb per miHigrammc of air-dry secxl. This 
value can be u-<cd to determine the omountof powdered imx vomiea present 
in mixtures containing it, (Wallis and Fnirbaim, 1943.) 

a 

Constituents. Nux vomica seeds contain 1-54 to S 8 to 5 3 per cent 
oi total alkaloids consisting chiefly of strj'chnine and brucine, from 
35 to 50 per cent, of the total amount being strychnine. The average 
amount of strychnine is 1-23 and of brucine 1-55 per cent. The seeds 
contain about 3 per cent of « \-isco»s fixed oil and also ehlorogonjo 
acid, formerly named igaauric or caflcotannic acid, which occurs in 
mat«S, the leaves of Ilex para^ueneis St Hil. and in coffee, seeds of 
Oojfea anxbica. Chlorogenic acid is changed to green riridic acid on 
expomre to air and .atnmoma. 

Lees important constituents are traces of an alkaloid strychnieme, 
found TOoro abundantly in the leaves and also of th© glycoside logamn, 
nbich occurs in the pulp of the fruit and is identical with mcTiatln, 
isolated by Bridel (1010) from Mentjatiihes trifoliala, family 
Ocntianaccje. 

Action and Uses. Kux vomica is largely used as a bitter stomachic 
and tonic. It Btunulatcs the muscular coat of the intestine, increasing 
peristalsis, and hence is given in constipation from an atomc condition 
of the intestine. It increases tho blood pressure, and is therefore 
s^luable in certain cases of cardiac failure. In large doses the excUa- 
bility o! th© motor neni'o cells la so much increased that «olent 
convulsions may occur ; these involve the respiratory muscles, and 
death ensues from asphyxiation 

Snbsiitaies and Adnlferants. Tho soeils of Strychnoa potatorum Lmii., 
anil of £{, 2Cux-bkttida Hill, Itavo been offered ns uvix vomica Tlio former 
am smaller, tliicker oiul free from bittcnicss j they are used in India for 
ricnriiig turbi<l %ratfr, being iisnnlly known as “ clearing imts.” Tho 
latter closely re*«*m&I© nux •voitnco, but may bo distinguishcif by the small 
riilgo on tho «lgo and by their brighter, yoUawisli-bun colour : they ato 
aho frvo from bittonicss (and consef|ucijtIy from strj’elmuio ami bmcme) 

IGNATIUS BEAKS. Semina Ignalh 
Sources, etc. Iguntiu? beaus arw tlm msls of Slrychnos Igtiatn Ucrgius 
lanwiy Loganfaec.'c, a (.tout clmibing plant with svcunly ,.{pm, ituligi’iiotw 
o tho southern rhilijuuno Islamls. It iK-came known to Ihtropi-nna 
nirough a Jwuit, Father Catiiellas towanli tho end of flic K’Vefit<*».-tith 
^otorj*. and tho seeds were calldl Fabai Snucli Ignatii, m honour of 
tn^Us Loyola, tho fi?««der of the enler. The hifgo oi'onl or nonrly 
giobo«e fruit eomaius about twvh'o seeds emhwUleil m a pulp, from which 
they arc separatcsl and drinl. 

Dtt^pUon. Ignatius bonns arc dull* dark grey, ins^lariy ovoid 
on AiKMit 2?» mm. long, usually having on© large ciirveil ajilo and three or 
our smnUer, ILitti-.h surfaecrt with roimdcd angles. Hero and there an' 
iwtl-coat, covprtsl uith npjiressotl hnim, 
*1 ' from thn«<> <,( mix vonuca, in being less fvgularSy omuigfs!, 

^I’gliifled and <U\oid of any wtaiy sheen. XJVnall> the se<.«l coal , w hit ii is 
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veiy tiiin, has been removwl the friction of the eocds against one 
another, exposing the surface of the dark, translucent, homy endosperm. 
Tho hilum appears as a circular area at one extremity of the seed. 

Tho embryo with its small radicle and leafy cotyledons lies in a shallow 



Fro 64. Ignatius Beans. Natural size. (Bentley and Trinien.) 

dit>e-shaped cavity in the endosperm similar to that of nux vomico Tlie 
seeds are inodorous, but have an oxtromoly hitter tasto. 

Constituents. Ignatius beans contain strychnino and bruoino to about 
the same extent as nux vomica, viz., 2*6 to 3 per cent, of total alkaloid, 
of which from 46 to 02 per cent, is stryclmine. 

Uses. Tho drug possesses a medicinal action similar to that of nux 
vomica, over which it has no evident superiority. 

ISPA6HULA. Ispagbol. Spogel Seeds 

Soufces. Ispaghul consists of tho dnod seeds of Plantago ovata Forskal 
family Plantngmace®, a herb widely distributed in the Punjab, Sind and 
Persia. 

Description. The seeds are about 1*8 to 3’3 mm. long and 1 to 1*7 mm. 
wide, boat-shaped, pale greyish-brosm in colour, usually with a pinkish 
tinge j on the convex surface there is a central, brown oval spot : on the 
concave surface is tho hilum covered with a thin, wliitish mombrano j 
100 seeds weigh O-IS to 0*19 gm. Wlicn soaked in water the seed coat 
swells and tho seeds become- surrounded with a transparent, colourless 
mucilage free from taste and odour ; 1 part of tho seeds forms a thick, 
tasteless jelly with 20 of water. Tho swelling factor is 10 26 to 13-6.^ 

Constituents. The chief constituent is the mucilage which is contained 
in tho colls of tho epidermis j it swells and dissolves wlion tho seeds are 
immersed in water. . 

Uses. In dysenteiy and cluxmic diarrheea ; largely used in Northern 
India as a specific for all kinds of into-stinal irritation ; they may be taken 
dry or after soaking in water ; they aro also used as a poultice and as a 
mechanical laxative. 

Ispaghula Hnsk consists of tho cpidonnis soparated from the seed. The 
drug has the appearance of tiny transparent flakes each having a brown 
oval spot upon it. The swelling factor is 90. This preparation forms a 
component of various laxative mixtures. 

PSYILIUM. Flea Seed 

Sources. Psyllium consists of tho seeds of Plantago Psyllium Liim. and 
of P. arenaria Wald, et Kit., family Piantaginacca:. The drug is imported 
chiefly from the south of France. 

* The swelling factor is obtained thus: — X-0 gram is ogitated gently and 
occasionally during 24 hours m a 25 millilitre cylinder filled to the 20 mil. mark 
M’ith distilled water and then allowed to stand for one hour; the volume now 
occupi^ hy tho swollen seeds is tho sweHtnff /actor. 
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Description. TheHo seed? resemble isiuighula in general characters. 
Seeds of P. JPsylhum arc 2 to 3 mm. long aitd 0*76 to 1*0 mm. wide, and 
100 seeds weigh from 0 09 to 0*10 gm. Thoir swelling factor is 12*76. 
They are dark brown, shining and glossy, rounded oblong and very 
transparent, showing the embrj'o ; there is a slight constriction across the 
centre of the dorsal surface and a white membranous patch is present in 
the centre of the brown furrow. Theseedsof P. orenarra are 2 0 to 2 6min. 
long and 1*0 to 1*6 mm. wide, and 100 seeds weigh from 0 12 to 0*14 gm. 
The swelling factor i? 14*6. They are blackish-brown with a rather dull 
surface, elliptical m outline with a constriction across the centre of the 
dorsal surface ; the furrow is deep brown with a central white membranous 
patch in the form of a figure 8. 

Constituents. The chief constituent is mucilage contained in the cell? 
of the epidermis. 

Uses. Psyllium is a valuable mechanical laxative and js used both 
alone and also associated with senna, cascara and other purgatives. 





ot the furrow. All seeds X 5 

Seeds of PUmlago JanceolcUa Linn may be mixed with 

lung and 
they are 
on the c 

They contain very httlo mucilage, having a swelling factor of 4*76. 

CHAULMOOQRA SEEDS and Hydnocarpus Seeds 
g Sonices. Chaulmoogra seeds are the seeds of Taraklogenos Kurzii King, 
Rowing in Burma ; Hydnocarpus seeds are derived from Hydno- 
iVtghtiana Blume, a tree Erowme m the Deccan and south-west 
tain, family Flacourtiaceio. 

2 The seeds of Taraktegenos Kursii are irregularly ovoid, 

thev ^ to I-5 cm. wide, with a smooth and brittle testa ; 

abimdant ody dark brownish endosperm, in which is 
and a embryo with two large foUaceous, three-nerved cotyledons 

.... ^ ^ ^ siEflilar to 

. . ied in the sun ; 

l^t inT** cracked and removed ; the kernels are beaten 'to a paste ond 
c square jute bags about 30 cm. square and 6 cm. thick ; these are* 
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piled up ftJid tlio Oil IS exprcssctl hy R Iiydia\iHe press. This jwi 
earned on at Chittagong. 0 

Bydnocarpus oil is prepared /rom seeds of Hydnocarpus Wighlioi 
sinular process. 

Tho two oils ajo vorj’ similar in phj'sical characters and cJ 
constants, that of H. Wightiana is n yellot ' ’ ” •> f < 

characteristic odour and aomcwiiat acrid t ■ . . 

0'950 to O’OCO ; melting point 20® to 25'^ ; ■ ' ■ , ' 

1 476; acid value not moro than 25; eaponification value 198 t 
zodino value 97 to 103. Contains palmitic acid, chnulmoogri 
hydnocnipic and other acids. 

Uses. Used for leprosy, jysoriftsis and rheumatism both interna 
extcinally, usually m tho form of tlio ethyl esters of the mixed acid 
oils from tlio seeds of Ilydnocarpus anthdinxntica Pierro ami other 
arc used for the same purpose. 

CASTOR SEEDS. Castor-oU Seeds, Semina Ricini 

Sources, etc. Tlie eastor-oll plant, Eicinus communis Linn., 
Eupliorbiaceo). is indigenous to India, but is difTused now 0 

tropical and subt; 
countries. In India i 
attain a height of 40 : 
and bo a perennial tr< 
in cooler climates it is 
a shrub or an annual 
The plant, and trith 
seed, is subject to 
variation, the largo, 
rcsccnt forms yielding 
seeds, the small, i 
varieties small seeds 
market is chiefly su 

viunis, Natiirnlsizo. {IJcttlloyandTrimcn.) from India and 

America, but consid 
quantities of the seed are raised in other countries, as, for iiwtai 
Italy. 

Cultivation and Collection. Tfio smallor varieties of castor seed ar« 
cuUivatctl for the production of medicinal oil. The seeds are first s 
in water and tlicn sown in well and deeply tilled soil, in holes about 
opart, three or four seeds being put in coch hole. The plants are 
thinned out so as to leave only the strongest, which are spaced 
1*6 to 2 metres apart. Tho plants begin to bear when four to six n 
old and the number of spikes of flowers on each plant is increas 
nij^zng back tho main stem. When tho capsules begin to turn broi 
spikes of fruits oro collected and exposed to tho sun on concrete floo 
layer about 16 cm. deep. On< «.i «J •■■■ fh, .■ aii- 1 over" 

rake, and after three or four .I.'.’ • i * • « »;• I'l ' • I'.i' ' i"! ' 
seeds are flung out violently. I’l* fl .)■ 1 .r:« In n* • 

to a height of 1 to 2 metres s.» v- ir i i.x . : < f t!* • . » «’»• • 

are removed by winnowing. 

Description. The fruit is a dry threc-celled, three-seeded ovoi 

it... 'Tha oot,fla am ahmif. Rffi If. 
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and smooth, grey to red^brown and marbled uith reddish brown or 
black spots and stripes. They are oral and slightly flattened, tho 
flatter ventral surface being slightly ridged ; along the rounded ridge 
the raphe extends from the canmelo at the hilar end of the seed to tlio 
chalaza at tho other extremity. Within the testa is a delicate colour- 
less membrane surrounding tho kernel ; this membrane is the remains 
of the nucellus. The kernel consists of an abundant oily endosperm, 
haring a nide, but very narronr, central canty in which lie the two 
colourless leafy cotyledons of tho embryo, the radicle of which pierces 
the layer of endosperm and points towards the tnicropyle immediately 
beneath the caruncle. The seeds have a slight odour and a weakly 
acrid taato. 

Constituents. Castor seeds contain about 50 per cent, of fixed oil 
and about 26 per cent, of proteins. 

The cake left after the expresaion oi the oil contains about 0-2 per 
cent, of ricinino (Titson, 1864), a crystalline principle melting at 
201*5®, ricin (Stillmark, 18S9), a toxin aimtUr in nature to the bacterial 
toxins, and also (ripo seeds) a very active lipase (fat-spUtting enzyme) 
and other GnzjTnea. Both castor seeds and tho cake left after tho 
expression of the oil act as violent purgatives, a property probably 
duo to the ricin contained in them. ' 

Uicin U very poisonous, about 7 mg. being fatal to an adult ; it is 
left in the cake when the sec^ aro pressed and renders it unfit for 
cattle food. 

TIses. On account of their violent action, the seeds themselves ate 
never employed in this country, though in some countries they aro said 
to be a favourite purgative. Tboy are used as tho source of castor od. 
11 ?®^* Semina Biciiii Majorcs (Physic Nuts, Purging Nuts, Pignons 
«l Indft) arc the Metis of Jalropha Curc(t9 Lmu ; they resemble castor seeds 
in shflpo, but aro rather larger, dull black ; surface minutely rugose with 
small white patches ; they contain a fixctl oil, much more purgative than 
castor oil, and curcin, a toxm belonging to tho .same group as ricin 

CROTON SHIEDS. Semina Crotoais 

S(wce, etc. Croton seeds are tho seeils of Crofon riyfiKHi Lmn,, family 
r-upliorbinccai, o small tree indigenous to cmd. cultimtoil m India. They 
Were usdl ineilieinally m tho mivcnteentl* century, but foil into disuse 
owuig probably to tho violence and uncertainty of thoir action. Tho od 
■''Bs mtroducetl from India about 1810, nml was found to bo, in certain 
a s-aliinblo cathartic. 

, produces a throe-coHcil. threo-Bccilcd capsular fruit resembling 

that of the castor plant, but de\-oid of spines Tlio scoils aro cxjwrtod, and 
from them in tins countiy. 

Description. Croton seinN are about 10 to 13 mm forig, 7 to 0 inm 
w 'll ® lo 8 mm. thick. Tlio imnl, brittle testa is duU ciimnmou brown 
Inw ' surface has a <!istmct ridge, tho lifusal mirfaco aNo fonas a 
*^’'”'“■<1 rblgc. Both cxteninHy And tn fts atnicturo the poed closely 
•‘v'ttibics castor pcihI, Init is moro q^lrnnKulaf im-i'rvcrso rcction an<i 
‘^aruncio, wliich is easily dctachm, is rarely |>re-.ent m the »!mg. 

broirn layer is casil>' Tcmovetl, di-'clo«!ng a dark aurfaeo ; 
% ^^’mmcrcial TXrcimens the friction of Iho eeeils against ono another 

' been i»nfiieietit partiallv to effort this, gaitig »he kc-o«Is a mottled 

■iTvomncc. 
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The taste of the kernel, in ascertaining which great caution is necessary, 
js at first oily, but this is succeeded by an unpleasant acridity ; the see^ 
have no marked odour. 

Constituents. Croton seeds contain about 60 per cent, of fixed oil the 
medicinal properties of whiclx are duo to croton-rosin {Dunstan, 1895), 
which has been obtained as a nearly colourless, light powder soluble in all 
proportions in organic solvents with the exception of petroleum spirit 
(Boehm, 1920). 

The seeds also contain about 18 per cent, of proteins amongst which are 
the toxic albumosea croton-globulin and croton-albumin, which together 
are also known as crotin and resemble riein. Croton oil is brownish-yellow 
and slightly fluorescent ; it is soluble in less than its own volume of absolute 
alcohol, but on further addition of alcohol two layers are formed, the active 
constituent of the oil being contained in the alcoholic layer. The solubility 
appears to depend on the proportion of free aciti present and to increase 
with the age of the oil. 

Uses. Croton oil is a powerful irritant, producing, when applied to the 
skin, a burning sensation and redness, followed by sovero pustules; it is 
used, diluted, as a counter-irritant. Internally it m a very rapid, drastic 
cathartic, and is given in certnm cases of apoplexy and of obstinate 
constipation. 

STROPHAKTHUS SEEDS. Semina Strophantbi 

Sources and History. Stropbantfaus seeds are obtained from 
Strophanthu^ kombe Oliver, family Apocynace®, a climbing plant of 
considerable size, indigenous to eastern tropical Africa, near the 
Nyanza and Tanganyika lakes, the Shir6 river, etc. An extract 
prepared from them (and possibly from the seeds of other species 
of Strophanthti^) is used in Africa as an arrow poison. Specimens of 
this extract were sent to England in 1861-18G4 and recognised by 
Sharpey (1862) as a cardiac poison. The seeds were examined by 
Fraser (1885), who isolated the active principle stropbanthin, and 
recommended the seeds as a substitute for foxglove leaves. 


number of seeds provided with long awns. The fruits are collected when 
ripe, and are sometimes exported after having been freed from their 
epicarp and fleshy roesocarp. More commonly the seeds, separated from 
tlie fruits and deprived of thoir awns, are sent into commerce, chiefly from 
Boira, Somba, Qmlimano, Inhambone, Chindo anti other East African 
ports. 

Description. The seeds are lanceolate or linear lanceolate and the 
toata is proloi^ed at the apex into a slender thread-like awn which 
terminates in a plume of sific. ^ .-...i-j' * 1 ... 

awn and plume is from 10 to ' ’ 
long and about 3 cm. wide, 

exportation, so that the commercial seed is about 12 to 20 mm. long, 
3 to 6 mm, broad and 2 mm, thick ; at the apex is a broken point left 
by the removal of the awn end at the base a slight inconspicuous 
winged extension. A ridge, whirfi contains the raphe, runs from the 
apex along the central line of one of the broad faces of the seed for 
about two-thirds of itvS length; near the apical end of this ridge the 
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Histology. TIjo cpklmnis js compoi»ed of olougivtcd tubukt 

cells, nbout 60 to lOOjt long ancl 20 to 30ft vrido and high, the anticlinal 
W'alls boirg straight, thicl<encd and lignified. The upper surface of each 
opidermal cell is extended as a uniealloJar triehome bent over so os to be 
oppressed to the seed. The freo part of tho trichome is about 500 to 800f» 
long, and is strengthened by a smglo narrow strip of lignified thickening 
which extends along the entire length of the adaxial side of the trichome. 
This htrip IS eonncctwl with tire ring-slioped thickening of the trichome 
base by struts of thickening wliich arise from it and converge to meet 
above in the point ■vrhei'o the ntrip begms. Tho remainder of the testa 
consists of a narrow layer of more or less collapsed thin-woUed parenehjTUB. 
m occasional cells of whioh eofetuni oxalate m clusters or broken crystals 
may be found, but eueh crystals are rare. Tho endosperm and embryo 
consist of tnodemtely thin-walleil parenchyma containing abundant 
fixetl oil and aleurono grains. 

Constituents. Strophanthus contains 8 to 10 per cent, of a glycoside, 
i-strophanthin, to which tho green coloration with sulphuric acid h 
due. The seeds also contain about 30 per cent, of fixed oil, together 
wth Jiombic acid, strophantbio acid, choline, and trigonelline. They 
yield about 4 per cent, of ash on incineration, 

Stropbanthic acid is an acid saponin. 

Uses. The action of stropbantbua seed, which is duo to the 
strophanthin they contain, resembies that of foxglove leaves. It 
raises the blood-pressuro. Is an officient diuretic, and a powerful 
cardiac jjoison. It is not cumulative, and less liable than foxglove to 
produce gaatro-inteatmal irritation ; hence it is sometimes substituted 
for foxglove when this remedy has faded or disagreed. 

Substitutes and Adulterants. The eeods of -S'. L-otnbe often occur in 
commerce mixed with, or roplacod by, tlio seeds of other species of 
Strophanlhui which resemble them moro or less closely. Tho following 
aro the most important : 

-S. hiepviue do Candolle. Tliis plant occurs in Senegambia, Sierra 
I.eono and tho lower Congo tojritory. The seeds nro smaller than those of 
S. Jeombe, although similar in shape, brownish in colour, almost glabrous 
because the triohomes aro cosily rubbed off by mutual friction of tho 
seeds ond give with sulphuric acid a green coloration. They contain 
h-etrophantlun . Neither the seed coats nor the ennbrj'o contain appreciable 
amounts of calcium oxalate. 

-S. Couwumtii Socleux, The plant is found in Zanzibar, Mozombique 
and Nyassalftnd j the seeds usually have ft brownish tinge, but often 
closely resemble tho official, from which, however, they may be distin- 
guished by their rather smaller size, lanceolate shape, less bitter taste, 
red to violet reaction with sulphuric acid, and prismatic calcium oxalate 
erj-staJa in the Seed-coat. The active constituent ia uiikno^ni. The seeds 
are said to bo about one-fourth as nctivo a*? Kombe seeds. 

S. NxchoUoni Holmes, Tho plant is found in British Central Africa. 
The seeds are whitish and woolly, the trichoines form a tangled surface 
covering, and sulphuric acid ooloois the keraol red ; there are no cry’stoh 
of calcium oxalate m either $ecd-coat or embiyo. The aetiv© constituent 
18 unknown. Tliis seed is sotnethaes known es “ woolly Btroplianthus.” 

S..gratm Franchet. Tho plant grows in Sierra Leone, Cameroon and 
Gaboon ; tho seeds are brown and appear glabrous to tho naked OJT, hut 
under the microscope ahort w»rty baira are visible ; the edges are aciite ; 
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neither seed coats nor embryo contain calcium oxalate ; they give a 
rose-red coloration \v’ith sulphuric acid, and contaui the crj’stalline 
glycoside ouabain, which waa first isolated from the wood of Acokanthera 
Schimperi Oliver, and is much more toxic than strophanthin. For this 
glycoside the distinctive name of “ gr-etrophanthin ” has been proposed 
(Thoms, 1900) 5 100 seeds Weigh 325 gm, 

8. Emini Aschers. British Central Africa. The seeds are greyish- 
green, and closely reoemhle those of S. Icomhe ; neither the seed-coat nor 
the embryo contains crystals of calcium oxalate, but they give a red to 
violet reaction with sulphuric acid. They contain the glycoside e-stro- 
phanthin (Thoms). They are medicinally active. 

8. aarmentoaiis de Candolle. Senegatnbia, Sierra Leone, the lower 
Congo. The seeds resemble those of S, kombe ; the colour varies from 
reddish-brown to greenish ; the yellowish hairs easily break oS ; the seed- 
coat contains prisms, clusters and conglomerate crystals and the cotyledons 
contain abundant cluster crystals of calcium oxalate ; reaction With 
sulphuric acid pale rose-red. 


LINSEUI). FUz Seed, Semina Lini. Linmn 
Sources. Linseed is the seed of the flax plant, Linum tisitatissimum 
Linn., family Linacece. Flax seeds, os well as cloth woven from flax, 
have been found in Egyptian tombs, and the process of weaving is 
depicted on their buildings. The seeds were used as a food ; the 
medicinal use of the mucilage and the value of the oil appear not to 
have been known till later. 

Linseed is now chiefly produced lin Argentina, Russia, Canada, 
India, the United States and Holland. 

Ciiltivaiioa aod Collection. The cultivation of the plant has been 
described under Flax, see p. 37. After the “ rippling ” process, the seeds 
are separated from the husks by thr^bing and winnowmg the fruits. In 
some places, the flax is pulled and made into sheaves v#uch stand m 
stooto in the field to dry off and then the se^ is threshed out by machinery' 
similar to that used for crops of grain. 

Description. The fruit of the flax plant is a small dry sub-spherical 
capsule, about 6 to 7 mm. in diameter, containing ten seeds in its five 
loculi. The seeds are' about 4 to 6 mm. long, 2 to 3 mm. wide and 
1‘5 mm. thick ; they are elongated-ovoid, somewhat flattened and 
have one edge more acute than the other. The proximal end of the 
seed 13 pointed and the hilum is in a slight hollow on the more acute 
®dge close to the pointed end. The raphe extends as a yellowish line 
along the acute edge from the liilum to the distal end of the seed which 
•g rounded. The thin testa is dark brown, finely pitted, smooth and 
shining. Within the testa is a narrow endosperm surrounding a 
straight embryo, composed of two large plano-convex cotyledons and 
a radicle directed towards the hilar end. The seeds are almost odourless 
®nd have a mucilaginous taste which becomes oily when they ore 
chewed. ^Vhen soaked in water the mucilage of the epidermis swells 
to fo»^ " v_ — 1 ' *' ■ ' y ’ iced. 

T . ■ . ' ■ . weigh about 

•lot |. _ _ / '. iveigh about 

O'l to 0-M pn. 

'*^8 1 rtiM. r 
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Histology. The epidermis consists of polygonal tabular cells about 30 to 
46/i in length and broadtli and about SOft in licigbt; their ontich'nal walls 
are thin and the lumen is filled with a atratiGed muoilago within which 
a few starch granules are eorootimos onclosod ; the inner tangential walls 
ore suberised anti the outer wall lias a vorj' thin cuticle. The sub*epidermal 
layer, sometimes named tlio round-eeUed layer, consists of one or more 



Fia. 68. Linseed — lAnum tuiUUiaiimum. A, capsule X 2-5. B, seed X 6. 

O, longitudinal sections of seed X 5. B, transverse section of seed X i>. 
J5, transverse section of testa and endosperm X 200 B, surface view of 
layers of testa x 200. al, aleurene grains ; c^a, chalaza ; eol, cotyletlon ; 
end, endosperm ; ep, epidermis ; hi, hilum ; hy, hypoderma or round- 
celled layer • «, inner integument ; it, sepals of calyx ; m, mucilage ; obi, 
obliterated parenchyma ; pg, pigment layer ; ro, raphe ; rad, radicle ; 
sd, sclerenchyma. 

often two layers of cylindrical conenchyma which together with the 
epidermis form the outer seed-coat. Immediately beneatli these lies » 
single layer * •. . , t -f. j -•■’ids each about 

12Otol0Op ' ; . . ' . ‘ • a thin multiple 

hyaline laye ^ ■ . mer epidermis 

formed of flat sub-rectangular to polygonal tabular cells, about 20 to 50/i 
in diameter, each containing a mass of Atrk broten pigment. The outermost 
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of tho hyaline layers is composed of narrow elongated cells having their 
long axes at right angles to those of the sclereids. The narrow endosperm 
and the embryo consist of polyhedral cellulosic parenchyma containing 
1 proina have a well-developed 

■ . ■ . 8 to 16;i in diameter. A few 

Constituents. Linseed contains from 30 to 40 per cent, of fixed oil, 
about 25 per cent, of proteins, about 4-5 to 9 per cent, of mucilage 
and a small amount of a cyanophorio glycoside, linamjirin, which is 


galactose, dextrose, arahinose and xylose. Small seei contain a 
larger proportion of mucilage than large seeds, and are therefore to be 
preferred when mucilage is the constituent required. Unripe seeds 
contain numerous small starch grains, but the ripe seeds are free from 
starch. Ash about 3 to 4-5 per pent. 

Oleum Zdni, tho fixed oil, consists chiefly of linolein, a mixture of the 
glyceryl esters of linoUo, linolenic, and iaolmolonic acids, the acids them- 


tin • ‘ ■ ,1 ' 

. ■. * . • • .. . . s 


Crashed linseed, Llnom Coatusum, consists of tho seeds reducod to n 
coanto powilor without being depriv^ of ony part of their constituents. 
It shoulil, when mixed with water, havo » blnnd, not pungent (Cruciferous 
soptls) or roncid (stale hneoed) odour. It should yield not less than 30 per 
cent, of oil to other (indicating tho absonco of ground cake loft after 
remo'al of part of tho oil), and tho oQ thus ortrncted should resjwnd to 
the tests for linseed oil. It should not give tho cliaracteriatio reactions 
with tho tcets for starch, or leave, when incinomtod, more than 6 per cent, 
of ash (obsenco of iid«lo<l starch and unduo properttion of mineral matter). 
TIio presence of starch may bo conveniently detected by microscopical 
examination or by applying tho u.sual iodine test to a cooled decoction 
of the ciwhetl hnsced previously freed from oil by treatment with other. 

TTies. Cnf^hod lm<oo<l is ttsod oxtomally, in tho form of a poultice, to 



cods, tho 
cod seeds 


QUIKCE SEEDS. Semlaa Cy4oniro 

Sources, etc. Tho quince is tho fruit of Pyruj <7jrfenio Linn., family 
IloueeA', n small tree mdigenotu to Persia, but distributed by cultivation 
thrtmghoul central Europe and other warm countries ; tho swU are 
lmpr>Me«l chiefly from Cope Colony. 

'Hm' fruit, wtiich r(«enibl*-i a pear, contains fi\-o carpclUrj* cn%'ilios. In 
each cf which there am alioul twenty weils closely pocked in two wrti^ 
rows. Tlicae ore sepnrate<l fmm tlie rijw fruit and «lrie<I ; l>eing 
CT'Otol Will, nuietlaffe tliey ariiien- moroor lw»s tlrmly together. 

DrscripUoa, Quineo><>e>l« areobovoi'i Andf!Lattened,alwut s to lOmra. 
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long, 2 to 5 mm. wide and 2 mm. thick. '• Tho t^ro larger flattened surfaces 
meet in a straight acuto edge on one side and are united hy a strongly 
arched rounded surface- on the other side. "Kioy frequently adhere to one 
another in small irregular masses or in two more or less regular rows, 
being cemented together by dry mucilage, which is visible in the form 
of whitish flakes on the surface of tho seeds. This mucilage is derived 
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Constituents. The principal constituent of quince seeds is the mucilage, 
of which they are said to yield as much as 20 per cent. It is contained in 
the cells of the outer epidermis of the soed-coat, and swells and dissolves 
when the seeds are soaked in water. The seeds also contain about 15 per 
cent, of fixed oil and probably a amall proportion of amygdalin and of 
emulsin, since they evolve nn odour resembling that of bitter almonds 
when they are crushed and mixed With water. 

Uses. Quince seeds have been employed as n demulcent, but are 
now more commonly used for making setting lotions and other toilet 
preparations. 

SESAME SEED. Omgelly Seed, Teel Seed. Benne Seed 

Sources. Sesame seed is the seed of iSeaamum indicum Linn., family 
redaliace®, believed to be indigenous to tropical Africa and cultivated 
in India, China, Nigeria, etc. 

Cultivation and Collection. The plant is an annual and is raised from 
seed sown broadcast on a sandy loam, the seeds are ripe at the end of about 
five months. The plants are then cut down, made into stooks to dry and 
the seed is shaken from the capsules. The white-seeded variety yields 
an oil suitable for medicinal purposes and for food ; the black-seeded 
variety S. onentale DO. yields an oil used for industrial purposes. 

Description. The seeds are flattened ovoid, pointed at one end, about 
3 to 4 nun. long, 2 nan. broad and 1 tnm. thick, bufl coloured or whitish, 
finely punctate with four delicate longitudinal ridges at the edges of the 
flat faces * • * ' ... . ^ 

as a line al 
endosperm 

plano-convex cotyledons and a amnll radicle. 

Histology. The epidermis is the most characteristic feature ; it 
consists of a thm-walled palisade, the anticlinal walls being more or less 
wavy; * '* ' ** * ' ** 

exceptic 

mass of ■ . ' ' I 

The rer 

membrane on the inside. The tissue of the endosperm ahd cotyledons 
consists of ccllulosic polygonal x>aronchyma containing fixed oil and small 
Starch is absent. 

’Oil 46 to 65 per cent., proteins 
• ■ ■ . . t. The oil consists of glycerides 

of oleic, linoloic, palmitic, stearic and myristio acids and also contains a 
c^'stallmo substance, sesamin, and a phenolic substance sesamol, which 
gives the red colour with a I per cent, solution of sucrose in strong 
hydrochloric acid. 

COCOA SEEDS. Senuna Tbeobromatls 
Source, etc. Tlio cocoa tree, Theoftrmna Cacao Linn., family Sterculiaceas 
is a nnlivo of tropical America, and is culth-ated there as well as m other 
tropical counfricn, the bulk of commercial cocoa coming from tho Gold 
Coast, Nigeria, Ecuador and Brazil. 

Tlio seeds hail long been an important article of <liot to the Mexicans 
when they were conquere<I by the Spaninnls, Tlieir use soon spread to 
Sjxun anil tlienco over Europe. 

CoUectioa and Preparation. ^ ; •• ; _. • 

from tho trunk ; they are succe ' : ■ . 

tho Biui]>o of o yiointcd vcgctol ■ ■ . ' ■ . 

Eticli fruit coutniiiH forty or fift. 
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m a scanty, mucilaginous pulp. Th© seeds are separated and packed in 
boxes, in which they undergo a process of formentotion, considerable 
heat, which, however, should not ^ allowed to exceed about 42®, being 
developed ; they are then dried in the sun. During those processes the 
seeds acquire a reddish-brown colour, and the taste, at first astringent and 
bitter, becomes mild and oily. Somotimes the seeds are simply freed from 
the pulp and dried in the sun ; they have then a more astringent and 
bitter taste and are less valuable. 

Description. Cocoa seeds, aro fiattened-ovoid, about 20 to 30 mm. long, 
16 mm. wide and 7 mm. thick. Tlie seed-coat is reddish-brown or chocolate- 
brown in colour, thin and brittle. It can easily be separated from the 
kernel, which consists mainly of two irregularly folded, chocolate-coloured 
cotyledons ; the latter easily separate into small angular fragments 
(cocoa nibs of commerce). 

Constituents. Both the kernels and the shells contain the alkaloid 
theobromine, the former yielding usually from 1*2 to 1'7 per cent., the 
latter from 0*19 to 2'08 per cent., the theobromine being brought into 
the shell by the sweating that occurs during the process of fermentation 
(Wadsworth, 1922). TV^ethor the theobromine is present in the fresh 
seeds as an unstable theobromine-tannin glucosido requires investigation. 
The kernels contain, further, about half their weight of solid fat, which 
is obtained as a by-product in tho manufacture of cocoa essences by 
submitting the heated seods to strong pressure (Oleum Theobromatis). 
The seeds also contain traces of caSoine and of volatile oU. 

OUum Thiohromatia is obtained as a by-product in tho manufacture of 
cocoa and chocolate. The seeds are first roasted, then broken and the shell 
removed ; tho residting cocoa nibs aro ground and subjected to hot 
. S' ' * It forms 

I. ■ , c , • . chiefly of 

! , , • la emsting 

■ , . ■' or dope of 

these’ acids are combined with one glyceryl group. 

Uses. Cocoa is largely used os a more nutritious and less stimulating 

.... •• . • ' . . . ’ vous 

.* . . . ' I also 

used as a vehicle for some worm remedies and in the manufacture of 
certain compressed tablets. 


STRAMONIUM SEBDS. Thomapple Seeds, Semina Stramonii 
Sources. Stramonimn seeds are the ripo seeds of Datura Stramonium 
Linn., family Solanacese. They come chiefly from 
southern England and central Europe. 

Collection. The fruit of stramonium is an ovoid, 
thorny capsule about 3 to 3*6 cm. long, it is four- 
celled in the basal part, but has only two cells, 
corresponding to the two carpels, in the upper 
part. It dehisces septifragally to form four valves, 
see Fig. 123, p. 286, to liberate the numerous seeds. 
The capsules ore gathered just before they split 
and the seeds ripen off inside the capsules whicli 
are dried at ordinaiy temperattue in a dry airy 
room. Tlje seeds are separated by sifting. 

Fio. 70. Thomapple Description. The seeds are flattened and are 
ewd. Showing the reniforro in outline, the concave or straigbtor 
pitted surface, X 12. edge being more acute than the strongly curved 
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convex edge which is rounded. They are about 3 to 3-7 mm. long, 2-6 to 
3 mm. wide and 1 to 1'6 mm. thick. The test* is nearly black or dull dark 
brown and is marked by indefinite diallow reticulate depressions about 
0-3 mm. wide and the whole surface is in addition finely pitted, the pits 
corresponding to the cells of the epidermis. Tlie hilum is present on the 
acute edge near tho narrower end of the seed. The interior of tho seed is 


Somewhat unpleasant odour and the taste is bitterish and oily. 

Constitaenb. Stramonium seeds contain 0*16 to 0*22 to 0-5 per cont.^ of 
total alkaloid consisting of h 3 roBcyamine with traces of scopolamine 
(hyoscine) and possibly of atropine. Other constituents are proteins and 



about 15 to 30 per cent, of fixed oil containing glycerides of daturic and 
other acids. The drug yields from 2 to 3 per cent, of ash. 

Tlses. Thepropertiesof stramoniumseedsresemblethoseof theherb. An 
extract of the seeds is given in Spasmodic affections of the respiratory organs. 

BATURA SEEDS. Daturas Semina 

^ Source, etc. Datura seeds are the seeds of Datura Mttel Linn, family 

I. ■ ‘ 


encloses a curved emhiyo similar to*that of stramonium they have 

a bitter taste but no odour. 

CoMtitaents. The seeds contain the al^Ioid scopolamme (hyoscine), 
about 0-2 per cent., and traces of hyoscyamine and atropine ; they also 
contam resin and fixed oil. t- > j 

Uses. Used in India as an, equivalent of stramonium seed. 
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FENUGREEK SEEDS. Semina Foeni^greeci 

Sources, etc. Fenugreek, Trigonella Fantm^grcccum Linn., family 
Ijegurmnosro, is an annual herb indigenous to the countries bordering 
on tile eastern shores of the Moditerranean and largely cultivated in India, 
Egypt, and Morocco ; the seeds oro imported chiefly from Mogadoro and 
Bombay. It was well known to the ancients, who used the herb na cattle 
fodder and employed the seeds medicinally. In Egypt the seeds ara 
roasted and eaten, and in India Iho young shoots form a favourite vege- 
table. They are contained in long, narrow, sicklo-shapod pods, from which 
they are separated, when npo, by thrashing. 

Description. Fenugreek soe^ls aro about 4 to 6 nun. long, 2 to 3 mm. 
wide and 2 mm. thick ; they aro hard, yellowish-bfown, irregularly 
rhomboidal in outline and flattened. Nearly 
in tho Centro of one of the long, narrow sides 
is a small depression in wliich both hilum and 
micropyle ate situated, the former appearing 
as a whitish point ; this depression is continued 
in the form of a furrow running diagonally 


being occumbont. Tho embiyo isyollowishand 
tho cotyledons are surrounded by a scanty, 
homy, dark, translucent endosperm. So^ed 
in water the endosperm swells and yields 
mucilage to tho surrounding liquid. The odour 
of fenugreek, it .v 

and sptcey ; * * • • 

Constitaen . . . ■ ' 

cent, of muc , , * 

sperm ; it yiefds by hydrolysis the sugars 
mannoso and golactose. Ihe drug contains, 
further, about 22 per cent, of proteins, 6 per 
cent, of fixed oil, a saponin and two alkaloids, 
trigonellino, and choline. 

Uses. TJio seeds are now used in veterinary 
medicine and occasionally as a spice in curry 
powders. 



Fro. 12. Fenugreek eoed. 

A, vertical section, show, 
ing tho radicle, one of the 
cotyledons, and hilum, n. 

B, transverse section, 
showing the radicle, r ; 
both cotyledons, c ; ami 
endosperm, e. X 6. 
(Moeller.) 


STAVESACRE SEEDS. Semina Sfapbisagriee 

Sources, etc. Stavosacro, Ddphinium Staphisagria Linn., family ' 

Italy’. 

Stavesacro was well Imown to both the Greeks and tlio Romans. 
Dioscoridea mentions it, and Pliny describes its use as a parasiticide. It 
continued to be extensively employed throughout the Middle Ages, but is 
now in much less demand. 

The fruit consists of three follicles, in each of which a feW seeds aro 
closely packed ; those are collected when ripe. 

Description. The seeds are about 6 to 7 mm. long and 3 tp 6 mm. in 
width and thickness j the testa is dark brown, covered with obscure 
reticulations and is finely papillose. They are quadrangular ovoid in shape 
and pointed at the narrower end, tho hilvim ^ing visible as a short line 
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near tho apox. The embryo w BmaJl and straight and sUxiatod in tho 
abundant oily endosperm, near the pomted.end, towards which tlio radicle 
is directed. The kernel is tranaJucmt^whito to yellowish in colour. The 
seeds arc almost odourless ; the «oed-coat is nearly 
tostolcBS, but tho kernel » intensely bitter and aend. 

Jfote. Tho largo sxzo of atavosacr© seeds distin* 
guishes them from tho seeds of other specifts of 
i?eipAi«tKrn. 

Oonsfcihients. The seeds contain several alkaloitb Stavesacra 

(in all obout 1 per cent.), tho moat important of ' entire and 

which sro delphinine, delphisine, and delphinoitJin® j cut longitudinally, 
less important are staphisagromo, of which tiacos showing embryo, 
only are proaent, and etaphiaagrino, wlueh is x 2. (Maiseh.) 
probably a mixture. 

Tho KQods also contam from 30 to 36 per C(»\t. of fixed oil, which may be 
cxtracteri either by oxproseien (expreasM oil of stavesacro) or by solvents 
such as potroloum spirit, ote. In cither case the oil carries with it tho 
greater part of the alteleida, including practicany all the delphinine ; these 
may bo removed from tho oil by shaking it with an aqueous solution of 
tartaric acid. Aah 10 to 13 per cent. 

ITses. Stavesacro fieods are extremely poisonous, delphinine and 
dolphmciidmo roecmbling aconitine in action, but being woaSwr j the seedd 
are used as a paraaiticide, chiefiy in tho fonn of ointment, the expressed 
oil, the powdered seeds, or an acid aqueous extract containing the alkaloids. 
Delphinine has also been employed both internally and externally for 
iiourolgia, etc. 


COLCHICUM SHEDS. Eeioina Golcbici. 

Botltcta, etc. The meadow eaSron, Cclchicum oulumnaie Linn., 
family Liliaooic, is widely distributed over Europe, ond abundant in 
Bomo parts of England ia moist meadows ond pastures, especially in 
Umeetono i^UatrictB, notably in Glouceetcrehrre, Hampshiro, Oxfordshico 
and Warwickshire. 

Collection aad Preparation, ThehlooorpaJopm^oflowors.about I5cra. 
high, appear from August to October and liav© the gonoral appearance of 
the flowers of tho crocus — honco the name autumn crocus often given to 
colchicum. No leaves are present oud tho superior ovary lies at tho side 
of a corm 10 to 20 cm. below tho ground lovoU Tho slowly developing fruit 
ifmains bcltnr p»iind during tho ouliunn and winter. A rorotto of tliroo 
or four hncar-lanceolato lea>‘o», about IS to 25 cm. long, develops 
in tho spring and m its centre tho capsular frmt is cameil above ground by 
tho lengthenujg of its stalk. Tho capsule ©v’cntually doUiscos septicidaliy 
into three wives and hborates tlm iiuntoroua seods, which ripon lu Juno to 
July Tlin capsules oro collectoil about tho cud of May to June boforo they 
Imwo Frj>!it open j they are convpniontly tlried by enclosing them m mualiii 
hags bikI fwnging them m a dry' place until tlioy ilolnsco and hbomte tlio 
rijKstuil which aro nepamtwl by eifting. As tho seeds npon tlioy 

dfttken m colour and become covered by a aftccliftnno oxuilation, iw much 
as 5 per cent of glucose having lxH*n found upon them. 

DescripUoib Colchicum eectls iiro 8ub.apl}eric3l and about 3 to 
3 mm. in diamt-ter. Tho testa teduttand dark reddlsh-broivTi, minutely 
pitted ntid rough. Over the raphe, which extends for a quarter of tho 
circumference of tho amjiliitropotw iiwtV Ihcro is a local cnlarpoment, 
the strophiole, at the end of ahudi Is a pointed projection M the 
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liilum. The abundant endosperm is very hard and tough, somewhat 
yellowish and'oily. In the endosperm near the surface of the seed, the 
small embryo is embedded. The embryo is straight and lies in a radial 
direction along a diameter in the plane of the strophiole and at right 
angles to the diameter passing through the hilum. - The strophiole 
contains starch in simple and compound 
grains, individual grains being about ifi in 
diameter. The endosperm is coloured yellow 
by strong hydrochloric acid, indicating the 
presence of colchicine. The seeds are odour- 
less, but have an unpleasantly bitter taste. 
One hundred seeds weigh from 042 to 
0-65 gm. 

Constituents. All parts of the plant contain 
the alkaloid, colchicine, which possesses feebly 
basic properties and can be extracted from 
acid solution by chloroform. The seeds 
contain from 0-2 to 0*8 per cent., but a good 
sample of the drug should yield not less than 
0-6 per cent. The seeds also contain a resin, 
colchicoresin, and about 6 per cent, of fixed 
oil. They yield about 3 per cent, of ash. 

Uses. Colchicum is chiefly used to relieve 
the pain and inflammation and shorten the 
duration of acute gout and certain gouty 
affections. Its action depends upon the 
alkaloid colchicine. Colchicino has a marked 
action upon plain muscle, especially that of 
^ j TK ■ the intestine, producing diarrhoea and 

^ ^ ^ vomiting. In large doses it causes death 

^ from failure of tho respiration, 

ll Adolteration. Colchicum seeds are said to 

ft be liable to adulteration by the fraudulent 
■ addition of glucose. 

Tr ^ '* CEVADILLA SEEDS. SabadUla Seeds, Semina 

Cevadillse 

Sources, etc. Cevadilla seeds are tho ripe 
seeds of Schcenocaulon officinale Asa Gray, 
family Liliaceae, a tall herbaceous plant growing 
on the lower mountain slopes near the eastern ' 
coast of Mexico, in Guatemala, and in Venezuela. 
At the time of the Spanish conquest tho dnig 
was known to tho Amoricon Indians as a caustic 
application to wounds ; it came into nse m 
Europe much later as a parasiticide. Tlie 
seeds are now chiefly used os the source of veratrine. 

The plant produces a tall raceme of yellowish flowers, succeeded by 
small three-celled capsular fruits j as the fruit ripens it separates septicid- 
ally into three follicles, which dehisce by their ventral sutures. Each 
follicle contains from one to six seeds. Formerly the dried fruits wore 
imported, but now chiefly the feeeds freed from the thin, brown, papery 
pericarps. 



FiQ. 74. Cevadilla seed, 
a, flower, magnifled, b, 
stamen, magnifled. c, 
fruit, magnifled. d, e, 
fruit after dehiscence, 
natural size. /, g, h, i, 
seeds, natural size ; k, I, 
fn, enlarged ; n, cut 
longitudinally. (Luer- 
ssen.) 
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Description. Cevadilla seeds are glossy, dark brown or nearly black, 
about 6 mm. long, narrow and tapenng to an acute point. From mutual 
pressure in the fruits there is usually on one side a lon^tudinal degression 
with acute edges ; for a similar reason the seeds are slightly curved ; tho 
surface is finely wrinkled. The seeds are inodorous, but have an un- 
pleasant, bitter, and acrid taste ; the powder produces violent sneezing. 
Constituents. Tho seeds conUun several alkaloids of which cevadine, 
(also called crystalline veratrine), is the most important and 
the most toxic ; it is hydrol^ed by alkalies yielding cevine and angehc, 
and tigUc acids. Veratridine (also colled verarine) accompanies cevadine 
in the seeds ; it is amorphous and yields veratno acid and verine when 
hydrolysed. Both cevadine and veratridine are toxic and sternutatory. 
Other alkaloids of less importance are sabadillino (cevadillme), sabadine 
and sabadinine. The seeds 
oIko contain chelidonic 
acid. Commercial veratrine 
is a mixture of these 
alkaloids and consists 
chiefly of covadino and 
veratridine. Keller (1896) 
found 4-25 per cent, of 
alkaloid in the see<Ls, 
tfaea. CevodiUa seeds 
(and veratrine) act, both 
Internally and externally, 
os a powerful irritant. 

Externally the irritation 
is followed by loss of 
sensibility ; hence the 
ointment of veratrine is 
used to relieve neuralgic 
pcdns, etc. Veratrine is 
employed also as a para, 
slticido, but is seldom 
administered internally. 

ARECA NUTS. Betel 

Hats, Semina Arecm Fm. 76. Areca nut. o, vertical BOCtion of tho 
Sonrees, etc. Areca 
nuts are tho soods of ' ' 

tT'-i.T* • 

'* ■ ■ ' . . ■ . TllO tron »« wiflftlw 



^ uu. »‘U 0 . u»o uomo m largo numbers on a branehlne 
axi< Tim ponCTri^s fibrous and surrounds a single sood, from which it is 
boiled in water >vith tho oilditlou 


pieH<-iicu lit 
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tnnnm ; oxtomnlly to tho toata patches of a silvorj' coat are frequently 
attached, these being portions of tho inner layer of tho pericarp. In tho 
centre of the basal part of tho ondosperro, tho small embryo is situated and 
itn externa} paler area indicates its position. Tho seed has no odour, bid 

and tlio one to winch tho sinlogoguo and vormlfiigo properties of tho seed 
aro due, is orccohrio (mothylarecnidino). Other alkaloids aro arecaidine, 
guvaemo, guvacolino, and arccolldtno). 

Use. Tho powdered seeds aro chiefly use<l in this country as a vormifugo 
for dogs. f 

GRAINS OF PARADISE. Qoinea Gr^ns, Grana Paradisi 

Sources, etc. Grains of paradiso aro tlio soctls of i4/ramomum MeUffueia 
Roscoo, family Zmgibcracea;, a herb attaining about l-S metres in height, 
indigenous to tho west coast of Africa. Theso seeds Wore much esteemed 
as a spico m tho twolftli and thirteenth centuries ; tho countrj’ from which 
thoy wore derived being unknoAm, tlioy wero called “ grains of paradiso. 
At tliat time thoy woro imiiorted from Tripoli, whither they Iiad mado tho 
land journey from West Africa. Subsequently thoy wore brought direct 
from tho west coast of Africa to Portugal. Thoy are now imported from 
West Africa. 

Tho plont produces an ovoid pointed fruit about 10 cm. long containing 
a largo num^r of small seeds. 

Description. Grams of paradise aro invortod Bub*pyraroidal and some* 
what four-sided with rounded angles and edges. Thoy aro about 2 to 3 
long and 2-C mm. wide at the broad distal end. At tho proximal end is a 
pale fibrous funiclo forming a projooting point. Tlio f esto is rich rcddirii* 


fumcle. The odour of the crushed seeds is faintly aromatic and tho taste 
is intensely pungent. 

Constituents. Grains of paradise contain about 0*3 per cent, of volatilo 
oil and a yoUowish, extromoly pungent, oily body, paradol. It rosemblas 
gingorol, but its pungency is not destroyed by boiling with 2 per cent, 
solution of caustic potash. 

Uses. Tho soeds possess stimulant properties, and wore formerly 
employed as a condiment ; no^v they are cliicfly usod in veterinary modicine 
and as a domestic remedy for tootlioclie, being applied as a small plaster. 

KUTUEGS. HyristicsB Semina, Mynsticpe, Nuz Uosebata 

Sources and History, The nutmeg tree, Mf/natiea fragrana Van 
Houtten, family Myristicace®, is indigenous to tho Molucca Islands 
and a few neighbouring islands, as well as north-western New Guinea, 
but has been introduced into Penang, Sumatra, Malacca, Java, the 
West Indies, and Coylon, nutmegs and mace being exported from tlie 
Malay Archipelago, the Straits Settlements, the West Indies, and 
Ceylon. . 

The use of the spice was introduced into Europe probably durmg 
the twelfth century. The Banda Islands, a group of the Molucca Islan^, 
were discovered about 1600, and passed into the possession of the 
Portuguese, and finally of the Dutch, who, in this case as in that of 
cloves and cinnamon, made every endeavour to restrict the cultivation 


NUTMEG 


205 


of the nutmeg trees to the islands ol Banda and Amboyna, and th^ 
create a profitable monopoly. The nutmeg trees of adjacent islands 
•were destroyed, and the nutmegs themselves soaked m a mixture of 
elaked lime and -water to rend« thm. it was said, incapable of 
eermination, a precaution that ^raa quite unnecessary, as the vitality 
of the seed is destroyed by tho aimple process of drying, it is q.uito 



Fm. «a. Kutmeg. .4. fraittng branch of AtyriftMa/roTron^, showing frutt 
dehiscLXig. B, •tamctu of staininAto flower . roagntScfl. C, pi^tiUale 
flower cut tongitudiRAllj ; p, pmantb ; 7, ovary s magnified D, nutmeg 
surrounded by the anllus (mace). E, the same cut lonptudinally • 
e, ejnbrj-o • o, nnllus ; #, wedcoet ; tn, endosperm. {Luerwoti.) 

possible, howeror, that liming was intended to protect them from 
attack by insects. For some timo these cSorts were successful, and the 
nutmeg trade remained in tho hands of the I>utch ; but eventually 
the trees were auccessfally introduced into Stalacca, Ceylon, and 
Jamaica. 

CoUiTatloa. Til© nutmeg tree needs a hot. raowt climate with sfieitcr 
high vrmdi nnd a well-drained rich loam for soil. Tlio plants arc 
rawl from i>oed and trfiwi about a metr© lugh aro p!anle<l out about 
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9 to 12 metres apart each Tvay. Banonas are grown between the young 
trees to afford suitable shade. "Fhe trees are dicscious and when they 
flower the sex is determined and male trees are removed so as to leave 
one for eveiy seven or eight female. The trees begin to bear about the 
seventh year and two crops are taken each year, one in November to 
December and the other m April to June. 

Collection and Preparation. Tiie fruits are gathered in the morning, 
those higher up being removed by n stick provided with a hook'and 
basket at its end. The light-yellow fruit is a drupaceous ovoid ber^ 
about 6 to 7 cm. long and 4 to 6 cm. wide ; the fleshy pericarp splits 
longitudinally and the brown seed, Burroimded by a crimson reticulate 
arillus, is removed. The arillus is stripped off and dried to form mace, 
while the seeds are dried in sheds on wickerwork trays supported about 
3 metros above an earthen floor upon which a smouldering charcoal 
fire is kept burning during the night and is extinguished during the day, so 
that diying is contmuous at a temperature not exceeding 60“ 0. The 
drying takes three to six weeks, during which the seeds are turned occasion- 
ally ; when diy, the hard woody testa is crocked with a wooden mallet 
and the kernel removed. Before the final marketing nutmegs aro 

garbled," that is they are sorted according to size and wormy, immature 
and broken nutmegs are rejected. The sizes usually sold ore 60 to 80, 
85 to 96 and 100 to 126 to the pound. 

Description. Nutmegs are ovoid, about 20 to 35 mm. long and 
16 to 28 mm. Avide. The kernel is greyish-brown externally and is 
marked with numerous minute dark reddish-brown points and lines ; 
it IS also reticulately marked with small furrows. This outer region is 
a thin layer of perisperm, which grows inwards into the endosperm 
at the position of the external furrows. The endosperm, w'hich forms 
the bulk of the nutmeg, is greyish-brown and is ruminated by the 
ingrowths of the dark brown perisperm. At one end of a nutmeg is a 
small circular depression marking the position of the radicle of the 
embryo ; before the removal of the testa the hilum was immediately 
adjacent to this mark. A groove, marking the line of the raphe, 
extends from the depression to the opposite end of the kernel where 
the chalaza is situated. The embryo lies in a small cavity in the 
endosperm and its cotyledons gradually grow up into the endosperm 
as they absorb the food it contains. The cut surface of a nutmeg 
easily yields oil when indented with the finger-nail. The odour is 
strong and aromatic and the taste aromatic and bitterish. 

Histology. The thin perispemi, about 0-12 mm. thick, consists of a 
peripheral portion, sometimes described as primary perisperm, and an 
inner region, sometimes described as secondaiy perisperm. This inner 
porisxiorm grows into the endosperm to form the blunt ended ruminations, 
each of which usually contains a vascular bundle. The cells of the 
peripheral perisperm are polyhedral and much flattened, some of tliom 
contain single prisms of on unidentified erj'stallino substance, whicli is not 
calcium oxalate. The inner perisperm consists of thin-Walled parenohjino 
and m each of its ruminations there is usually a vascular strand and 
numerous large oil-cells filled with the volatile oil. Tlie endosperm is 
formed of a polyhedral parenchyma, the cells of which contain abundant 
fat, oleurone grains and starch grains. The fat is usually in the form of 
bunches of needlo-sliaped crystals; the ahwone grains are mostly small 
and irregular, but each cell usually contains one large grain with a well- 
develojwd ciy’stalloid. The starch is in small rounded grains, about 
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2 to 5 to 10 to 20ft in diameter* ocemrii^ both singly and as compound 
grams of two to ten components. Scattered througb tho endosperm are 
tannoid cells with brown contwits. 

Constituents. The chief constituents of nutmegs are volatile oil 
(7 to 13 per cent.) and solid fat (about 26 to 30 per cent.) ; they also 
contain starch. 

The volatile oil (sp. gr. 0'870 to 0'926; o.r. + IS” to -)• 30“) consists 
chiefly of terpenea together With myriaticin. which possesses an intense 
odour of mace and passes over in the last portions of the distillate. 

llynaticin, is crystalline and toxic ; it is more easily absorbed 

in the presence of the other constituents of nutmegs and is less toxic to 
lower animals than to human beings. 

Expressed oil of nutmeg is a yellowish, very aromatic solid, melting at 
25° to 43°, now obtained from imperfect or broken nutmegs by means of a 
solvent ; it contains about 12 per cent, of the volatile oil together With the 
glycendes of myriatio, palmitic, and oleic acids. 


Varieties. Penonp nutmegs are broadly ovoid and veiy aromatic. 

Singapore nutmegs are more deeply and minutely wrinkled and 
frequently show marks of scorching. 

West Indian nutmegs are somewhat elongated and frequently have 
dark marks on them. 

TJses. Kutmegs have stimulant and carminative properties ; in 
large doses they are toxic, producing convulsions, an action due to 
the myristicin contained in them. The expressed and volatile oils 
have been used externally in chronic rheumatism. 


SalK*'*“.‘ - ^ 

nutm^ • ‘ . . , • ■ ■ , 

nutme ■ *’ 

exporteu irom >iew Gumea) ; this is lon^r, narrower and less aromatic 
than the official, and has a uniform, brown, scurfy surface and a distinctly 
acrid taste. 

Bombay nutmegs from Af. malabarica Lamarck are also long and narrow, 
but are destitute of aroma. 

Faciitioxis nutmegs, made from exhausted or damaged nutmegs mixed 
' ■ ' several times 

• • • hereas genuine 

ess volatile oil 


UACE consists of flattened, lobed pieces about 26 mm. or rather more 
. 1 . , , , o^ed 

■ ■ It is 

taste 

reFeiabiB those of nutmeg. 

Mace COTtama from 4 to 16 pet cent, of volatile oil which appears to bo 

d from the nutmeg. 
. I '•cr3^talline plates, 

' 68°) (Tschirch and 

ooiuowsky, 1920). 
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from that of genuine mace by the large amount of substances yielded to 
ether after previous exhaustion with petroleum spirit (30 per cent., as 
agamst 3’5 from genume mace). 

Macassar or Papua mace from M. argentea is in dull, brownish fragments 
with a dusty surface ; the few, broad, widely separated lobes, ultunately 
unite to a compact cap •, the taste is distinctly acrid. 



CHAPTER XI 
FRUITS' 


CoNCTJERENTiiY With the developm^t of the seed from the ovule, 
the ovary wall develops to form a case, named the pericarp, for the 
seeds, thus forming a fruit. The wall of^the pericarp is usually 
divisible into three regions, vjz., the epicarp on the outside, the 
endocarp on the inside and the mesocarp between them. The epicarp 
is usually the outer epidermis only, as in prunes, lobelia and Capsicum 
minimum, but may include also one or more modified hypodermal 
layers, as in colocynth. .The endOCarp similarly may be the inner 
epidermis only, as in Capsicum minimum and fennel, or it may consist 
of several modified layers as in the prune and olive, where it is developed 
as a thick woody structure forming the “stone” or casing of the 
seed. The mesocarp may be succulent as in the prune and tamarinds, 
or pithy as in colocynth or it may consist of several layers of different 


was formed, had two or more loculi, these are found in the fruit and 
are separated by a septum or septa which are often membranous. 

In a superior fruit the pericarp shows at the apex a small point-hke 
scar where the style was attached, as In belladonna, or sometimes 
a strongly developed persistent stigma as m the capsule of a poppy. 
At the base of a superior fruit is found either the persistent calyx, as 
in belladonna and henbane, or scars left by the fall of the perianth 
parts from the thalamus, as in the poppy. In an inferior fruit the 
pericarp is surmounted by the persistent calyx and other remains of the 
perianth as in lobelia and pimento, or by scars left by the fall of the 
perianth parts as in vanilla. At the base an inferior fruit tapers 
directly into the pedicel 

Sometimes other floral members such as the thalamus or sepals or 
other parts of the inflorescence, such as bracts or the inflorescence axis 
also undergo development and become enlarged or succulent and take 
part in the formation of fruits of more complex types known as aggre- 
gate and compound fruits. 

» Fruits therefore show a great diversity of structure and are corn- 


anise, aconite and the raspberry. A compound fruit is formed from a 
number of flowers closely grouped together, often from an entire 
inflorescence, examples are the fig. mulberry, long pepper and hops. 

Histologyr The outer and inner epidennlses of the pericarp have the 
characters of epidermal structures m general and frequently possess 
stomata, usually m small numbers and those of the inner epidermis are 
often modified in form and in arrangement, as in the fruit of Atropa 
Belladonna, where the stomata have guard cells of fixed form, commonly 
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strongly crescent-shaped, with ft voiy large open poms, the stomata being 
often arranged in small groups of two to four. Some of these groups 
consist of stomata which have no dolinito porus. In coriander certain cells 
of tho enter epidermis contain woH-formed solitary crystals of calcium 
oxalate ; in pepper and cubob each opidorroal cell contains numerous small 
rectangular prisms. Tho epic&ip of poi>por and of cubob consists of the 
epidermis and a hypodermal layer of Bcloreidsandparonch^ina. Colocynth 
has a more complex epicarp composed of tho epidermis, o few layers of 
parenchjTua and then several layers of lignifiod sclereids. The inner 
epidermis of tho pericarp is often developed in a characteristic way. In 
tho fruits of Capsicum it consists of parenchyma containing numerous largo 
islands of lignifiod scloroncliyma, ooch island corresponding in extent to a 


cells, each group having arisen from a single raothcr-coll ; these groups 
are often arranged with tho long ax •*•* * i ‘ ■. *' 1 

directions as are the blocks of a pa* ■ • • .• I ■ . ■ . • 

endocarp is produced by tho fonn .* ' 

in the hj’podermal region ; when t .'•••'.’ ” . ' . i 

as in the prune and tho olive. In cubob tho scloroids oro chiefly in a 
layer ; but in apples and currants there aro sovoral layers of olongatw 
fusiform sclereids, the cells of successive layers crossing at a wide angle 
those of the layers above and below them, tho whole forming a stro^ 
cartilagiDooa membrane. The lacsocarp may be paponchjTnatous through* 
out excepting foe the slcndoc vascular strands present in its middle region ; 
this condition is found in the prime and many other fruits. Soraetimes 
lignified i^oblasta occur in tho parcndiyma of the mesocarp as in lobe^. 
Very commonly sclereids occur in tho roesocafp and may be scatte^ 
irregularly as in pimento or may bo associated together to form a thick 
hgnified loyer in tho middle of the mesocaqi os in coriander. Frequently 
the mesocarp contains oil-cells as in laurel berries, cubeb and pepper, or 
oil-glands as in pimento, or oil-ducts as in many umbelliferous fruits such 
as fennel and dill. Associated with the vascular bundles laticiferous tissue 
sometimes occurs as in the capsule wall of Papaver, and in many fruits the 
cells of the mesocarp contain starcli grains as in pepper. 

Classification of Fruits 

A. Simple Fruits. 

(i) Dry Fruits. 

Crcwocaips : Caraway, Fennel, Ajowan, Dill, Cnniram, 
Celery, Anise, Coriander, Hemlock, 

Legumes : Senna Pod, Tamarind, Cassia Pod. 

(ii) Succulent Fruits. 

Drupes and Drupaceous Fruits : Prune, Coccuius 
Indicus, Laurel Berries. 

Berries ; Capsicum, Pimento, Colocynth, Bael, Orange, 
Lemon. 

B. Aggregate Fruits. 

Of AcAencs. Hips. 

Of Follicles. Star Anise. 

C. Compound Fruits. 

Hops, Figs. 
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UMBELLIFEROUS FRUITS 

Jledicinal fruits derived from plants of the family Umbellifer® are 
all of one type, known as a cremocarp. The cremocarp is a variety of 
schizocarp or splitting-fruit whidi divides into one-seeded portions 
each correspon^ng to one carpel ; the carpel itself does not open to 
liberate the seed, hence these schtzocarps are indehiscent fruits. The 
cremocarp consists of two carpels, each containing one seed, and is 
derived from an inferior ovary. At the summit of the fruit there may 
be five small inconspicuous sepals or a slight rim representing the 
calyx and in the centre are the two styles surrounded below by the 
disc-like nectary and forming the stylopod. When the fruit spbts it 
divides vertically along the septum between the carpels, the two 
halves being termed mericarps. Each mericarp therefore has a flat 
surface, the commissural surface, and a rounded surface, the dorsal 
surface. From the central line of each commissural surface a fine 
thread separates, being attached basally to the pedicel and apically to 
the upper end of the mericarp. By the action of the wind or other 
distunianco the mericarps break loose from the carpophores and are 
scattered. 

The seed in each mericarp is attached by its testa to the pericarp so 
that it completely fills the loculus. The seeds contain a small embryo 
at the apical end, embedded in an abundant oily endosperm. In the 
majority of these fruits there are schizogenous ducts extending through 
tho mesocarp from base to apex ; each duct is termed a vitta and the 
number and position of the vitUsan often characteristic of individual 
fruits. Usually there are two vittse on the commissural surface and 
four on the dorsal surface. Between tho vitt® the pericarp is ridged 
externally and a vascular strand is contained in each of these primary 
ridges. Between tho primary ridges and over the vittm there some- 
times occur other ridges named secondary ridges. The ovules are 
nnatropoiis and consequently on tho commissural surface of each seed 
a fine vascular strand, tho raphe, extends from base to apex in the 
central lino of tho testa, which is wider in that region than elsewhere. 
Tho number, dwtributio.! and arrangement of the vittm and ridges 
afford Valuable characters for the identification of individual fruits. 

Umbelliferou-s fruits arc usually classified according to the character 
of tho seed. If tho seed is flat on the inner or ventral surface, it is 
termed ort^a^pcnnoiM, e g., fennel ; if it has a longitudinal groove on 
tho ventral surface, it is termed campylospemioua, e.g,, hemlock ; if it 
is concave on tlio ventral surface it is ternied calospermoiis, e.g., 
coriander. 

CIusiflcatioQ of the Umbelliferous Fruits 

Orlhojpermous 

(o) Mericarp with six vittm and fivo primnrj' ribs. 

(0 8 to 10 mm. long ami 2 mm. wide, groenish-brown or 
yelJowish-browzi. F ynn el, 

(ii) 4 to (J mm. long and I min. wide, ilnrk brown with 
yellowHh ribs, nrennte. Caraway. 

(ill) 2 mm. long and 1 mm. wide, palo grej ish-brown witli iwlo 
prominence#. Ajowan. 
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(6) Mericarp with bix vlttse and five primary ribs, the lateral ribs 
being extended as wir^. 

(i) Chocolate-brown with pale brown ridges. Dill. 

(ii) Brown with yellowish ridges. Indian Dill. 

(c) Mericarp with five primary and four secondary ridges, emergencies 

and trichomes on epidermis. C nmmin. 

(d) Mericarp with six to twelve vitt» and five hardly prominent 

primary ridges j 1 to 1*6 mm. long. Celeiy. 

(e) Slericarp with thirty to forty vitt» on the dorsal surface, epidermis 

with short, stifi trichomes. Anise, 

Ccelospenuous 

Creraocarp 3 to 6 mm. in diameter. Coriander. 

Campylospennous 

Five prominent, crenated ridges on each mericarp ; vittae absent. 

CARAWAY FRUITS. 
Ffuctus Carui 
Source, etc. Caraway fruits 
are the ripe fruits of Camm 
Carvi Linn., family Umbelh* 
ferte, an erect biennial herb 
distributed over central and 
northern Europe and found 
in Britain, but possibly only 
naturalised. It is cultivated 
principally in Holland, but 
Sweden, Norway, Russia, 
Germany, and Morocco also 
produce caraways, whilst a 
small quantity is grown in 
England. 

Cultivation and Collection. 
Caraway is a biennial plant 
and is usually grown on a 
loamy soil. The seed is sowri in March or April and the liarvost is reaped 
in the summer of the following year at the end of August. Four or fiw 
seeds are put into each of the holes spaced about 25 cm. apart in 
rows, which have a distance of 60 cm. between them. A nitrogenous 


Conium. 



Fio. 77. Caraway fruit. A, entire fruit, aide 
view X 3. B, longitudinal section x 3. 
C, transverse section ■ vitt® ; k. 
ridges, X 14. D, portion of the saroe, 
further enlarged; i, pericarp, r, seed- 
coat. (Berg.) 


sheaves are stacked in shocks on the field and allowed to diy which may 
take two or three Weeks The fruits are finally separated in a thresliing 
machine and are stored in bags made of a coarse fabric of jute or hemp 
and known as burlap bags. A cover crop is often grown during the first 
year, beans, white clover, flax, mustard or oats being suitable for tlio 
purpose. The full grown caraway plants arc about 60 cm, high and have 
bipinnate leaves with linear segments. 

Description. Commercial caraway is composed chiefly of separated 
mericarps, which are about 4 to C* mm, long and 1 mm. broa<\ and 
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thick. Tiiey tire arcuato and taper towards base and apex lo wliicii 
ImU of the fitylopod is attached. The outer surface is brow-n, tho five 
primarj’ ridges ^'ing yehoudsh. A transverse section of the raericarp 
is an almost regular pentagon m outline, tho commimrAl side being 
shghtly longer than the others. The fniit has the typical structure 
\rith Rix vittaj and five primary ribs in each mericarp , tho entire 
cremocarp is somewhat laterally compressed. Tho odour and taste of 
the cnishcd fruits is agreeable and aromatic. 

Histology. Tlio epidermis w formed ot poli'gonoi-labular cells, obout 
IS to 4S^ acro«<^, with accAnioital Btocnata and U strongly stmtwi cuticle. 
Tho mesocarp contains some finely pitu-rl MlonohU, but reticulate paren- 
chyma IS nhsent. Tiio cndocatp consists of elongated sub-rectangular cells, 
about 8 to I2>t wide, arranged parallel to ono another. Tlio seed endosperm 
is of the asual umbelliferous tJTH*, ».< » it eonshts of motlonvtely thick. 
walliKl ccUulosic p.i.rcnchyma containing fixed ofi and alcurono grams. 
The aleurone grains arc rouiulcd and each usually contains ono or somo- 
times two Bmall rosette crj'staU of calcium oxalate. Tho carpophoro 
consists chiefly of slender fibres Such small vessels, usually spiral, as nro 
present do not crc<H^ 20^i in ihamotcr. 

Constituents. Caraways yield by distillation from 3-5 to 7-0 per 
cent- of volatile oU, tho principal constituent of which U carvono 
(50 to 00 per cent ) They also contain proteins and fixed oil in tho 
endosperm and yield about 0 (not over 0) per cent, of ash. 

Tlio voi3h7« oil should ha^nj a sp. gr. O-OIO to 0 920 and o.r. + W to 
+ 80* , from 63 to C3 per cent by weight should distil ot a temperoturo 
over 200’ Oil from which part of the carvone has been removed (“ docar* 
voliBcd " oil) has a lower sp. gr., low'or optical rotation, and yields lew 
than 60 per cent, boiling above 200*. 

Adnlteratioo. Caraway may bo adullorotod by oxJiaustcd fruits, by 
adxmxturo of stoaU stems and rays of tho unoboh and by Indian dill. 
ExhauaUd earaieaya are darker m colour, much shrunken and almost 
devoid of aroma } they may bo detected in th© powdered fruit by the 
low yield of volatile oil and of o«juoou.<i extract. Carawiy etalka aro 
<(,etected in the powder by tho abundance of scloronchymalous ©Icmcnts 
and of vc^la over C<J}» in diameter and by tha hjgh crude fibre. Indian 
dill Ima much reticulate p.arcnchynia in the rnesocarp and tlio endocarp 
ehowa a parquetrj' arrangement. 

Uses. Caraways, or tho rolatde oil obtained from them, are 
extensively used as an aromatic carminative. 

TEHNEL FRUCra. rtuctas Ftenicoli 
Source. Fennel, Fcsnicvlutn captllaceum Gilibert (F. vulgare, 
JKHer), family UmWUiferje, is apj>arentl.y indigenous to the shores 
of the ilediterranean Severai varieties of the plant are cultivated , 
F. (apiUaceum var vulgare, which k oiUUvated in Saxony and Wiirtera’ 
berg and in Russia, Galicia and Koumania, yields fruits which are 
preferred in Britain and in Gennany. F. capillae^m var dulce is 
cultivated in southern Franco and in southern Europe generally, and 
its fruits ate preferred in those countnes Fennel is also cultivated in 
India, Japan and other countries. 
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Oollirfifiofi and Collection. Seed, which should be ol the most recent 
collection because it rapidly loses its vitality, ia sown in the early spring. 
F onr or five seeds are put into eacli hole nt distances about 30 cm. apart 
in rows separated by about 60 cm. The plants grow to a Iieight of 2 metres 
and are freely branched, so that they require plenty of space. The soil 
should be a light calcareous one, Well-drained and in a simny eituation. 
Farmyard manure is applied liberally and in the second year the plants 
bear fruits which ripen in September. The stems are cut with a sickle and 
are put up in loose sheaves to dry in the sun. When diy the fruits are 
beaten out on a cloth in the sun and are cleaned by winnowing. 



Descriptioru The Saxon fruits occur chiefly as entire cremocarps, 
with the pedicel attached and a bifid stylopod at the apex. They are 
oval-oblong, about 6 to 10 mm. long and 3 to 4 mm. wide and are 
greenish-brown to yellowish-brown. The surface is glabrous and the 
five primary ridges of each mericarp are prominent, straight and pale 
straw-coloured. In transverse section the mericarp is about 1*5 times 
as broad across the commissure as it is in thickness. The endosperm 
is orthospernious. Occasional abnormal fruits may possess six ridges 
and have correspondingly more vittsa and also sometimes one or two 
subsidiary vittao on the commisaure. They have an agreeable and 
aromatic odour and taste somewhat rwombling that of anise. 

Histology. The epidermis is composed ol polygonal tabular colls about 
1C to 30/4 in length and width ; it contains occasional stomata and tho 


Fia. 79. Fennel fruit. Fanic^um eapiUaoeum, A, lateral view of a 
oremocarp X 4. B, dorsal view of a cremocarp X 4. C, commissural 
surface of a mericarp X 4. D, diagram of a transverse section of a 
mencarp X 16. i?, transverse section of part of pericarp within a vascular 
strand and of part of endosperm X 200. F, transverse section of pericarp 
including a vitta x 200. O, an entno vitta x 16. H, part of a vitta, 
showing segmentation and epithelinm X 200. Zr, parquetry layer m 
surface view X 200. K. outer epidermis of pericarp x 200. al, aleurone 
gram ; cp, carpophore ; end, endosperm ; e,t , epidertnis of the testa ; 
/, fibres ; inner epidermis of pericarp ; oi, volatile oil ; ra, raphe ; 

r.p., reticulate parenchyma ; »p. stylopod j *, testa } v, vitta. 
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cutJclo IB not Ti)© mesotxtrp contains raucJi thickened and Jtgmfwd 

parenchyma m tii© regioir of tho vosculnr strandB of tho rib^. These 
thickened coJJs have largo oval or rounded pite, tho bands of thickening 
bottreen them gmng & reticulate lippearanco to tho walls. TIio remaining 
parenchyma of tho mcsocarp is eoroposetl of ordinary polyhedral cclluloajc 
coJIft The vitt<xi are about 250#* in maximum ’ividth and taper towards base 
and apex of tho fruit 5 tho waiU tvro brown nnd each dxict is divided into 
clyimbers by transt'orso partitjtaia, Tho vittn is lined by an epithelium of 
smnii poiygonal-tabnlor colla. Tho cndocarp consists of narrow elongated 
cells having parquetry arrongonnent nnti appearing in transverse sections 
of the fnnt as long narrow rectangular cells with hero at\d there groups of 
very short cells, owing to tho dliTcrent directions in which the groups of 
cells m tho parquetry liavo been cut. The endospenn has tho structure 
characteristic of umboUiforous fruits in genornh 
Constituents. The best varieties of fennel (Saxon, Galician, and 
Russian] yield from 4 to 6 per cent, of volatile oil (sp. gr. 0-960 to 
0-980 > o.r. 4- 6® to -h 12“ ; 8o}idifying*point 5“ to 20“), tho principal 
constituents of which aro anetho! {C|aH,jO, 50 to 60 per cent.) and 
fenchone 18 to 20 per cent.). Tlie fruit contains 12 to 18 per 

cent, of fixed oil. 

Ftnehone « a colourless hq«id possessuig a iiungont, camphomceotts 
odour anil taste ; ifc probably contributes matonally to tlie medicinal 
properties of the oil, hence only such wrioties of fennel m contain a 
good proportion of fenchono ar© sudablo for medicinal uso. 

Varieties. The following aro th© chief commorcial varieties of fennel 
fruits. 

1. Saxon 5 as above described. Yield of oil 4-7 per cent., containing 
S2 per cent, of fenclione. 

2. Bussian, Galician, and ^ouvwnton i those closoly resemble ofto 
another ; from 4 to 6 mm. m longth and 1 to 2 nun. in width. Yield of 
oil from 4 to 6 per cent., of which about 18 per cent, is fenchono f taste 
vei-y camphoraceous. 

3. french Stceef or Roman, 7 to 8 mm. long, 2 to 3 mm. wide, often 
arched ; pale yollowish green with a sweet, anise toste. Yiold of oil 2-1 per 
cent., free from fenchono. 

4. Jndiaji, 0 to 7 xnni. long, brownish, stalky. With sweet nniso taste. 
Yield of oil 0*73 per cent*, coataining 6-7 pec cent, of fenchone. 

5. Japanese, 3 to 4 rom, long, 2 to 3 ram. wide, ovoid, not curved, pale 
greemsh-brown jn colour ; tost© camplioraceoas and verj' sweet- Yield 
of oil 2-7 per cent., containing 10-2 xxjr cent, of fenchone 

Q French Bitter, 4 to 5 ram. long, 2 mm. wide, scurfy in the funrov^J, 
ndgee less prominent, and colour darker tlian tho sweet, 

AdnUcration. Fennel le subject to admixture with oxhaiwted frwts. 
These mcludo tho fmits partially eidiauafccd of their oil by distillation in a 
current of alcohol vapour in liquetir.raakutg, as well the residues obtained 
after distillation with water or in a cuirent of steam. Fi-uits eidiausted by 
water or steam aro darker, contain leas oil, and emk at onco m water, but 
those exhausted -alcohol vnpoor reCain 1*0 to S'O per cent, of oil, and are 
but little altered m appearance ; they acqiure, however, a peculiar fusel-Oil 
odour. Recoloured fennel may be delected by nibbmgtho fmits between 
the hands. 

Uses. Fennel is used as tm agroeablo aromatic and carminative. 

AJOWAK PBUTTS. Tho fruitso£2Vrfc*y^enrtUHi.dCTmi (Lmn.) Spraguo 
{jynonyms. Varum copticum (Lmn.) Bentham and Hooker films ; Fiyckotis 
ajmvati (DC) Bontham and family XJmbelhfenB, India; ovonl, 

groyish-brown, about 2 mm. long, compressed, with puio-colouretl short 
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protuberances ; odoxir of -thjmol ; mericarpa usually separate. Six 
vittro in. each mericatp ; the five primary nd.ges pale in colour. The 
volatile oil (3 to 4 per cent.) cont^ns thy-mol (3t> to 40 per cent.). Used 
aa a source of thjTnol ; in India as a spico. 

DILL JFRUrre. I^ctnsAneihi 

Soorces. The dDl, Anethum gmxaoUns Linn., family Urabelliferte, is 
an erect annual herb growing to a height of 30 to 50 cm., indigenou-s 
to the Mediterranean ^tricts and southern Russia ; it is cultivated in 
England, Germany and Roumania. 

CnlHvation and CoUechon. The seed la sown very early m the spring in 
rows alMut 40 to 50 cm. apart on a well-prepared loam. The seedlings are 
thinned to 30 cm. apart in the rows and the crap is kept free from Weeds. 
In the late aurmner, as soon 
na the oldest fruits are ripe, 
the crop is mown early In the 
morning and is put up in 
shocks to (3^. After thresh- 
ing, the frvuta are spread out 
in a thin layer in the sun or 
in trays in a heated shed and 
turned at intervals until 
thoroughly dry. 

Descriptiocu Commercial 
dill consists chiefly of 
separated mcricarps. Each 
merienrp is dorsally com- 
pressed, broadly oval and 
about 3 to 4 mm. long, 2 to 
3 mm wide and 1 mm. 
thick, the ratio of length to 
breadth being about 1-6 
to 1. The mericarp is 
chocolato-brouTi with wide 
yellom'ih membranous wings, which are the extended lateral ridges, 
and three brown, inconspicuous dorsal ridges. The transversely 
cut Rurfneo shows six vittos and five vascular strands in tho ridgoa, 
tho-^ in the wings being eoraowbat wider than the others. The seed ia 
orthoapermous. 

Constituents. Dill fruit contains from 3 to 4 per cent, of volatilo 
oil {sp gr. 0 000 to 0-915 , o.r + 70” to -f fiO”), consisting otcarvona 
(CjtlHiijO, 40 to 00 per cent.), a colourless Utiiiid with strong diU odour, 
anti liinonene av'iociatod with phellandreno and other terpenes. 

Uses. Dill Sr employed as nn nromatie stimulant and carminative, 
being given to infants to relievo flatulence. 

Sob^lntes. Indian dill {AnOhum Sowa Roxb) is imported in largo 
qrantitica and usc<l as a substitute for caraways when these are ecorce. 
The (mils occur as entire ensnocarps often with tl»o p^ieol attached. 
Tliey are hrown with narrow yoHowish wings ond throe pale dorsal ridges ; 
wh mmcarp is alwiit 4 to 6 mm long, 5 tnm. wide and 1-5 mm thick, 
uie t^rirerpR an> oval and shghtly dorsaliy compres'WHl. The ratio of tho 
length to tho breadth is about 2*8 to I. Tho volatile oil is diflcrcnt in 



Fio. 80. Dill fitiit A, entire fruit, Side view, 
X 3 B, conuaiesura] surface of mericarp, 
showing the vitta: as dark lines X 3. 
Cf, transverse section ? ft, vitt® ; k, ridges ; 
¥. commissural surface ; S, endosperm 
X 14. D. portion of tho saroo, further 
enlarged. (Berg.j 


2!S FHVITS 

M I 1. P 0 lUR to 0-068; o.r. + 47-«* to + S?'®’" ^ ^ 

; , ’ i.<" . contains Uillapiol wliich !« jifflOTom) and tta 

,, , I 1 ,« ,l m place of Europcon dill or of caraway. , 

BTOMW FBOTt. Pntctns Cnmini, Cnmln 

SonrCOT, etc. Th.. ctnnnnm. Ouminum WemwS 

TitiI i tVsrmilUnniml plant mdigonoa'? (ruih 

., ' , „,a Morocco. sW. Malta. Syria 

V . w. n k .<iv,n> io tho aiJCtfrntR, and woro much used m E po 

V IV. II culmarj' Kpico. 

Doscriptioa. Cimunia constats of both soparotjd SS 

1 1, nii.fuips, winch latter ora olongatod oIliiiaoidBl, gjch 

; lo r.,nm. loiignmiamm. wide and slightly comprMsrfl -my ^ 

me, an, l.ss five yellowish, straight pnnwry "fE™ to 

n,clmm,.s or are glabrous, and betwoon them ‘he tr™^ bristly 

H„. feel) ove, the v.ttK, arc foor ^°?o”typical alrocloie 

Tho tranavoreoJy cut aurfaco shenvs tno yp ^jid 

w)th SIX vjtln) jn each raoricaip And ftn ortho^poimou^ * 

I.visto au.matic, si3icy and unplonsant. ^ a cent, of volatOa . 

Constituents. Cummin fruite yield from 3 to 4 po 
0.1 (ap. gr. 0-072 5 o.r. + 26-6» { cluof constituent 

Us&s. The fniits have boon used oa A Btun^dfint and 
they aro nov? chiefly employed m voto^ory modicmo. ^ friuts 
Persion cummin la probably derived fro® a iPL cummin S oii 

smaller than cummin or camway fruits j odour suiutor to cummu 
contmns no carvono. 

OELBEY FiraiT, ApiiFmctaj, Aplum. Celery 
fruits of cultivated plants of Aptum oraveohus, faroi^ ^*5^’ 
are imported chiefly from the Levant and southern Europ^ 

Description. Oelory fruits usuoUy occ.^ ®?i and about 

cremocarp la brown, roundish-ovoid, roertoarpbas 

I to 1 S mm, long. 1-5 mm. -mdo and 0-6 mm. thick. nine 

five stroight, scarcely prominent, primary ndgos, . ^^/-urface and 
or sometimes twelve vittas, two being on tho 

from one to three in each volleculo. Tho sood is . yQjaiila 

Constituents. Celery fruit contoma about 2 to 3 per c 

oil, oiso fixed oil, protein and some mucilage, ,? na a domestic 

ijSCS. The fruits are used os a sedative and tonic ana «w 
remedy for rheumatism. 

ANISE murrs. Amseea, rmoto Antoi rimbcll*®- 

Soarees, etc. The amae. eimpiruth Animm Lmn,. fn^y j5 

js an annual plant indigenous to Greece. Egypt, and Anceed 

cultivated largely m •outhetn Russia, also m Spain mU u S? 41,5 

is one of the oldest of inedicmes and spices ; it was c _ .j, tj,is 

ancient Egyptians, and was kn^ to drag consists 

trountry it has been m use since tlie tourtoonth century. 

but little alteied m at . 

^dom. Bcoelouiod fei. ,, .,„t oremoran® 

, . .„ed a^^rnoenrp is about 3 to 5 mm. B .ouch. 

n “ nical.^y.8h.hrow,. and S.on>«» f 

""‘’UTSa T)ic .Q^tous short, conical epide two, 

stylopod. Each J“»”C®ip^h^ 

: /<, a/V // / 


‘?i,?cfi»raSSa.rSanTa^»- 
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twenty to forty smali vitt® on the dorsal surface, the large number of 
vittro liavjng arisen by the btancltiag of four original ducts. 

Anise fnnts posfeess n street aromatic taste, and e.xhaJe, vfh&n onished, 
m aromatic otlunr. 

Varieties. Spmt^h, rxi^oiterl from Alicante ; the {rtiitH are distuiguiahed 
by their largo size (4 mm >. giey or brotrmsh-grey colour, anil slender 
tapcnng shape s they yield about 3 per cent, of oil, 

Busstan fruits are umaller, darker, and rather more ovoid in sliape ; they 
are ejrportcd m very largo quantities, and are the variety generally used 
tor distillfttion. 

Italian nmse fnuts are frequently contarai'nafed mth lieniJocfc fnuti?, 
which may bo identified by tlieif glabrous surface, by the irregularly 




Fiq. fil itoisa fruit. Transivfse «eo. AUise ftuit. 

tion, indicating the positian of the b, Hemlock iiuit. 

Vittc, not all of which (about forty m Magnihed (Vogh) 

each meriiTarp) are shown. Magnified. 

(Moeller.) 

crenato ridges, by the abwnco of the pwhcel, and (best of all) by the deep 
groavo m tho eiidospcnn. 

Conatitaenls. The fniiti yield from b5 to 3'5 per cent, of volatile oil 
{*p. gr. 0-976 to 0 090 ; o.r, — 2“ to + I®), of which anethol, present to 
tho extent of about 00 per cent., is th© principal aromatic constituent. 
Ancthol, forms a -white, ciyntalUne solid melting at 22'’ , it has a 

strong anise odour. Tlie fruits also contain proteins and about Stoll per 
mit. of fixed Oil. 

Aiiiio fruits are frequently odulteratotl with dried, sitted earth . tho 
ftflh should not exceed 11 per cent. i in adulterated anise »t maj* nso to 
25 per cent. Tlie liomia} ash is ? to 8 per cent. 

Ul«. Anbo is employed os an aromatic and camunativo. 

COaiANBEE rRtJITS. Froctos Coriandri 
Sotifcea, ele. The comnder, Coriandrum salivum Linn., family 
UmlwltiferK,*. is an erect berbaccoos annual thi^t baa become naturalised 
^fQugliout temperato Europe. It & cultivated principally in Russia, 
Thuringia, llomvia. and Hungary, a-s nvll as in northern Africa, 
imltft, and India. Tho whole plant, and especially tho unripo fruit, is 
tmaractcriiicd by a strong disagtcoablo odour, whence tlio name 
coriander (from the Greek irijpof, a bug). 
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CttltivatiOB and Collection. Ooriandei' may bo sown in SIftrch or soon 
after barvesting in the early autumn { tho plants grow to a height of 45 to 
GO cm. and arc larger and more robust if tho Bced is sown jn the autumn, 
A woll-drained calcareoua loam is a good soil and the plants are grown 
in rows about 60 cm. apart. Tho harvest is made in August and the 
umbels may bo cut off with scissors as they become ripe or, for large fields, 
a ecytho or mower may bo used, tlio reaping boing done early in the 
morning to avoid loss of fruit. TTnibela nro spread on sheets in the smi 
to dry off ; cut plants are put up in Email cocks on, tho field. After about 
forty-eight hours the crop is tbreahed and tho separated fruits further 
dried m warm air m a shed. Dunng the drying the fruits lose their 
objectionable fmtid odour and acquire a wtirm agreeable odour and a 
sweet tasto. 



Fiq. 83. Coriander fruit. A, wliole fruit {cremocaip) x 3. B, coniiniesural 
surface of half-fruit (moncarpt Bhomng the vittce as dark hnea. O, longi- 
tudinal section through both mencaq)'*, showing tho endosperm and 
embryo X 3, D, transverse sootion, nhowing the vittse, x 14 j B, 
portion of the same, further enlarged ; », primary ridges ; X, secondary 
ridges j S, ondeBpeem. (Berg.} 

Description. The fruits occur usually as entire cremocarps, which 
are sub-spherical, about 3 to 6 mm. in diameter, brownish-yellow, 
crowned hy five small sepals and a stylopod. Each mericarp has five 
wavy rather inconspicuous primary ridges and four straight, more 
prominent secondary ridges. In the central region, of the pericarp the 
cells are fusiform and sclerotic forming in each mericarp a thin 
hemispherical shell of compact hard tissue which makes the fruit 
difficult to cut and troublesome to powder. The seed is cmlospennous. 
The fruit has two vitta) on the coaiinisaural surface of each mericarp ; 
in addition to these, however, the young ovary contains vittse on the 
dorsal surface ; as tho fruit ripens these become compressed and break 
down into tar^entially elongated cavities, the outer portion of the 
pericarp being finally thrown off. Tho odour of the bruised fruit is 
aromatic, and tho taste spicy. 

Histology. The epidern^ of the pericarp is composed of polygonal 
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tabular cells with occasional stomata j so\'oral of the epidermal cells 
contain in each a single prism ot caldosn oxalate. The laesocftip is 
composed of an outer and an inner layer of parenchyma, between which 
IS a layer of sclerenchjma conaistmgof fttSiform, hgnifiod aclerenchymatous 
cells m sinuous rows. The outer five or six rows of aclercnchyma run 
longitudinally while the inner one to throe rows run tangentially ; in the 
Bccond^ ridges almost all the eella run taogentially. ^^^^en seen m 
surface \iew this layer therefore shows a very characteristio appearance 
of sinuous rows crossing at right angles. The inner epidermis of the 
pericarp is composed of parquetry* cells mid the hypodormis of la:^s, 
slightly thickened, flattened hexagonal Bcleronchyma. The seed show^ 
the structure characteristio of um^lliferoua saeds in general. Trichoraes 
and lignified reticulate parenchyma are absent . 

Varieti^ English corianderc aro considered to have tho finest 
flaTour , Rttssian and German aro the richest in oil {up to 1-0 per 
cent.) ; Mogadore are the largest, but contain little oil. 

Con^taents. Coriander fruits of good quality yield from 0-8 to 
1*0 per cent, of volatile oil (ep. gr. 0-870 to 0*885 ; o.r. 4- 8” to -f 14“ ; 
chief constituent 90 per cent, of tho alcohol linalol). That distilled 
from unripe frmt has a fetid odour, which, however, disappears on 
keeping. 

Murtetan.t8, etc» B<m^y coriander fruits aro ellipsoid, about 5 to 
8 mm long and 3 to 4-S am. wide, and contain little rolatllo oil. 

Fenugreek seeds, cereal fruits and similar email fruits and soe^ are 
often present in commercial coriander. • 

T7ses. The fruit and the oil distilled from it aro used as aromatio 
carminatives. 


HKWIiOCK FKUITS. Frocios Conii 
Sources, etc. The common or spotted hemlock, Cinium moculalum 
Linn., family 'UmbelUfor®, is a biennial plant widely spread throughout 
temperate Emope and generally distributed over Groat Bntain. 
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Tho fruits should be gathered from wild plants when full grown, but 
before they ripen — that is, before tho colour changes from green to yellow — 
and thoroughly dried ; if carefully preserved quite dry they will long 
retain their activity unimpaired. 

Description. Thecrc • ‘ : V 

laterally compressed j . ' 

the summit is a small s ' • ' 

usually separate ; cacli mericarp has five paler and prominent primary 
ridges, which are irregularly enlarged at intervals giving them a crenato 
or wa\’y appearance ; the outer surface is glabrous. There aro no evident 
vittro in the pericarp and the inner opidormis is developed as a layer of 
cells containing the liquid alkaloid coniine and is often termed tho 
“ coniine layer.” The endosperm has a deep longitudinal groove on the 
commissural surface, so that tho fruit is campylospormous. A micro- 
scopical examination of a transverse section of the fruit reveals the presence 
of niunorous small vestigial vittce, which are visible only with difiiculty. 
The fruit has scarcely any odour or tasto, but when to the crushed fruit 
a dilute solution of caustic potash is added a strong mouse-like odour is 
ileveloped owing to the liberation of coniine. See Fig. 84. 

Constituents. The principal constituent of hemlock fruits is tho 
poisonous, volatile, liquid alkaloid coniino, of which they may contain, 
when collected at the proper time and dried, as much as 2*77 per cent. 
(Farr and Wright, 1904), the average being 1*65 per cent. 

Tlie proportion of coniino present attains its maximum when tho fruits 
are full or nearly full grown, but before the colour changes from green to 
yellow ; during this change (tho ripening of tho fruit) the proportion of 
coniine rapidly" dintinishes ; commercial fruits yield from 0’6 to 1*3 per 
cent, of coniine. It is accompanied in tho fruit by small quantities of 
methylconiino, which is oily and resembles coniino, and by conhydrine, 
which is colourless and crystalline. Ethyl piperidine and pseudoconhydrino 
are also present. 

Uses. Hemlock is used in sposmodio and convulsive diseases, such m 
tetanus, chorea, and epilepsy ; in astlima, whooping-cough, and spasmodic 
affections of the larynx. Ooniine deproseos the medulla and motor nerve 
endings, excessive doses resulting in death from respiratory paralysis. 

SENNA PODS. Sennse Fructos. Senna Legumes, Senna Fmit 

Sources. Senna pods are the dried nearly ripe fruits of Cassia 
acutifolia DelUe (Alexandrian senna pods), and of G. angitstifolia Vahl 
(Indian senna pods), family Leguminos^. For geographical sources 
and method of collection, see under Senna Leaf, p. 120. 

Description. Alexandrian semia pods are broadly reniform-oblong 
in outline, 4 to 6 cm. long, not less than 2 cm. wide and about 0*5 mm. 
thick. The pods are dull green or brownish-green and brown in tho 
central line over the seeds ; the dorsal suture has a strongly convex 
curvature and the ventral suture is slightly concave or sometimes 
nearly straight with a small point-like scar at the distal end, marking 
the place where the style has fallen off, and a linear scar about 1 mm. 
long at the proximal end of a short stalk. Veins run from both sutures 
towards tiie central lino where they unite hy fine anastomosing 
branches. The inner surface of the valves forms a tough thin endocarp 
with a Rilkj' sheen, pale green in colour -ivith brown areas over the 
seeds. Tho seeds are compressed parallel to the two broad green 
cotyledons ; they are obovate-triangular in outline and the embryo is 
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embedded in a scanty greyish endosperm. Externally the testa is 
reticiilatejy winkled and at the pointed end there is a longitudinal 
spathulat© ridge abont 2 mm. long on each flat face oC the seed. The 
seeds are about 5 to 6 mm long, 3 to 4 ram. broad and 1*5 mm. 
thick , the hilum is at the pointed end and the filiform funicle is about 
6 to 7 mm. long. 

Tinnivelly senna pods reaemhle the Alexandrian pods in their general 
structure. They are about S foficm. longand not more than 1*6 to 1*7 
cm. wido; broadly oblong and scarry curbed. The colour is 
hrowush'green and darker m the centre orer the seeds. The docsnl 
suture IS only slightly curved except at the 
oxtremitiea and the ventral suture la nearly 
straight. The seeds also resemble those of 
Alexandrian aenna pods, but the winkling 
of the testa takes the form of irregular 
lines running transversely from the margins 
to the centre 

ConsUtuenls. The conetituenta are pre- 
aomabiy the same as those of senna leaf. 

Uses. Senna pods are used as a laxative 
and are considered to be more certain than 
the leaves and to «ause less griph^. The 
liijuid extract made from the fruits (with 
sc^) appears to cau.<!e more pain then 
one made from the pericarps alone ; the 
reason for this is not knowi. 

TAfilAElKDS. Fmetos Tamariudi 
Souicea and History. The tamarind 
tree, TonKiritMfus tndtea Linn., family 
Leguminosoi, a large tree indigenous to 
tropical Africa, is cultivated throughout 
India and the West Indies, where it 
fumisbis a valuable article of diet- The 
Arabian name of the fruit (Tamare Hindi, 
or Indian date) would indicato that the 
Arabians became acquainted with it from 
the Hindus, and uitroduced it uito 
Europe. 

CoUection and Preparation. The tree beats erect racemes of fiowem 
succeeded by mdchi^ccnt legumes about 6 to 20 cm in length and 2 cm 
jn wjdtJj. The opicarp of the legumes is rough, hrowmsh, hard and 
brittle . the mc^ocarp is juicy and owd, and traversed by a few' stout, 
branching vascular bundles. The endocarp is conaceoua and fonn? a 
series of onc-seeded enclosurea around the three to sis {somctiniea up 
to twelve) seeds, which are reddcsh-brorm, obscurely quadranirular 
nl>outl5nim by 12 mm. and 4 to 6 ima thick. 

In tho \\ cat Indies tamarinds, exported from Barbados and Antigua 
nro conected when ripe, and prepated for tho market by removing the 
epicarp, packing them in barrels, and preserving them b%' nourine over 
them Iwiling concentrated ayrup which fill, up the spaced and acts as a 



Fxo. 85 Fnnt of the 'Tama- 
r<adl tree with part of the 
penoarp remov^, showing: 
«, seed ; /. fibres ; p, epj- 
carp , m, pulp >;atura] 
sae. tVogl.) 



224 


PRVITS 


preservative. In India the pulp Is simply pressed into cakes, with or 
without the addition of 10 per cent, of salt as a preservative. Small 
q^uantities oi tamarinds are also exported from other countries. 

Description. West Indian tamarinds, which are those used 
medicinally in Great Britain, occur as a reddish-brown, moist, sugary 
mass, in which the vascular strands and reddish-bro^vn seeds enclosed 
in the leathery endocarp can readily be found. 
The pulp has an agreeable odour and a sweet 
acidulous taste. 

From Didia tamarinds are sent in the form 
of firm, blaclv cakes consisting of the pulp of the 
fruit, together with the fibres, seeds, and small 
portions of the epicarp. Although not official, 
it is frequently employed, and yields a good pulp. 
The cakes have scarcely any odour, but a rather 
strongly acid taste. 

Constituents. Tamarind pulp, though varying 
in composition, contains about 10 per cent, of 
free tartaric acid, about 8 per cent, of acid 
potassium tartrate, and from 25 to 40 per cent, 
of invert sugar. The total acidity varies from 11 
to 10 per cent. West Indian tamarinds contain 
much add--* .*• 1 : 

Uses. ^ • : • • 

and gentiv 

CASSIA PODS. Fractns Cassiee Fistniee, Cassiee 
Fmetns, Forging Cassia 

Sources, etc. Cassia pods are the ripe fruits of 
Cassia Jislula Linn., fomily Leguminos®, a tree of 
moderate size, indigenous to India, and often 
oviltivatod there os an ornamental plant (Indian 
laburnum). Purging cassio was known in Europe 
in the thirteenth century, and was used by the 
school of medicine at Salerno. 

The tree boars pendulous racemes of fragrant 
flowers, each with a one-celled, many-seeded ovary, 
which develops into a long, cylindrical fruit. As 
the latter ripens the seeds become separated from 
oneanotherby the formation of about SO to 100 thin, 
transverse, epurious dissepiments, and the fruit, 
which Was originally one-celled, becomes spuriously 
tnany-celled. It d^ers from a typical legume in 
being indehiscont as Well as many-coUed, and ia 
described ns a loraentaceous legume. 

Cassia pods are imported from Dominica and Martinique in the West 
Indies and from Java. They are olso cultivated in Egypt. 

Description. The pods of commerce ore 40 to 70 cm. long and 20 to 
27 mm. in diameter, straight or slightly curved, sub-cylmdrical, dark 
chocolato-brown, smooth but finely striated transversely, the striations 
appeoring as fine fissmes under a lens. The rotmded distal end bears a 
small point or mucro, marking the position of the style, and tJie base or 
proximal end is extended as a short stalk Widening below towards the 
remains of the thalamus. The dorsal suture Appears as a single vascular 



Fio. 80. Ca«9ia fis- 
tula, Lower por- 
tion of a pod partly 
opened to show the 
seeds. S, seed ; 
to, transverse 
dissepiments ; 6, 

pericarp of fruit, 
(iloeller, after 
Wiesner.) 
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strand and tl\e wntml suture a? two dosefy app-hed strands. IntemaUy 
tho pod IS divided by tinn. Iiuff-coloured. triviisverfee dissepiments nt 
intervals of about 0 5 cm. The compartments, each containinB one 
are filled in the fresh fruit with a neatly black pulp, which contracts on 
drying and adheres to the tlissepimenta. The seeds may become loose m 
tlve very dry pods, which then rattle when shaken. The 25 to 100 seeds 
of each pod are flattish and oval, reddish-brown with a well-marked raphe 
on one of the flattened sides, smooth, shmmg and about 8 by 10 by 2*5 mm. 
Each seed contains a whitish endosperm in which the yellowish embryo 
IS embedded. The pulp has a sweetish taste and a somewhat sickly 
odour 

Conslitocnts, The pulp, which la the only part used medicinally, is 
separated by crushing the fruita, macerating them with water, straining 
the liquid, and evaporating it to a soft extract. It contams about 60 pet 
cent, of sugar (calculated upon the pulp dried at 100®), and also osy* 
roethylantluaquuiones (1 09 per cent.. Maurm, 1027) s both of these 
probably contribute to its laxative action. 

Vses. Cassia pulp is laxative, but is seldom U3©d except as on mgredient 
m confection of senna. 

SabsUtateS, Pods of Casexa grandu Linn, {horse caasia). Longer, 
thicker and heavier than those of C. fistvla, about 50 to 80 cm. long and 
4 to 9 cm. in diameter { laterally compressed ; surface rough % one 
prominent ridge on the dorsal and two on the ventral suture s odour of 
pulp disagreeable, taste bitter and astringent. 

l^ods of C. vwachata Humboldt, Bonpland and Hunth. Smaller and 
narrower than those of 0. JUtuh, being about 1 5 mxn wide : pulp paler, 
odour musk-like. 


CAHDAMOM FHHITS 

Sources. Cardamom fniita are the dried, nearly ripe capsules of 
Eleifana Cardamomum Klaton var mirtuecuJa BurkiU, family 
Zingiberacee, a tall, perennial, reed-Iike plant that grows wild m the 
moUt forests of southern India, especially near the Slalabar coast, at 
heights of 600 to 1,000 metres above the s^a-level. It is cultivated 
there as well as in. Ceylon, the fruits of commerce being obtained from 
cultivated plants. 


Cnltivation and Collection. Seedling plants are raised in nursery beds. 
The seeds take about four months to germinate, and in the course of ayear 
grow to a height of 30 cm. and bear from eight to ten leaves ; they ar© 
then planted out in forest clearings in holes about 2 metres apart. A first 
small crop of fruit is available at tho end of the third year end full crops in 
succeeding ye&ts. Racemes o! flowers ans© from the stem just above the 
ground level and the fruits an? removed from the rachis as they become 
full grown, but are still unnpe and somewhat green m colour. If left till 
they ar^ipe the capsules tend to dehisce duruig drying and liberate the 
seeds, ihe fruits are dned on raised traya ui the open air, tnmmed by 
mae^nery to remove pieces of stalk and the remains of the fiower-parts, 
graded fay sieves, sorted to colour and frequently bleached on traya over 
burning sulphur 

The Jiar>-esting is done during August to October and mucli of the green 
cardamoms i« drieil m sheds by artificial heat. Tho fruits are spread on 
the ^und level and abo on a atrang, raised, jattice-liko floor, beneath 
rJ’do*”* funiaces and their flacs ; the fruits take about thirty hours 

viLUV» nutx 



Description. The fruit is an inferior capsule, about 1 to 2 cm. long, 
ovoid and more or less three-sided with rounded angles, greenish to 
pale buff or yellowish in colour. The pericarp is dry, AboJit 0-5 to 1*0 
mm. thick, and rather woody in texture. The base is rounded or has 
the remains of the pedicel, at the apex there is usually a slight projec- 
tion consisting of the remains of the perianth. The capsule has three 



Fig. 87. JSIencrto Oonfamomum var. minitscula, pericarp. X/ transverse 
section. 5, epidermis in eurCsice view. ( 7 , longitudinal section of vascular 

brmdle; tpi, inner epidermis; tpo, outer epidermis; /, fibres; r, re«in 
cell ; s, part of dissepiment ; xy, xyltan. (After Tsehircb and Oosterle.) 


loculi with membranous septa and axile placentation ; the seeds in 
each loculus, about five to eight in number, adhering together to form a 
single mass. Four important varieties axe found in commerce : — • 
Mysore cardamoms coming from Ceylon, are ovoid, cream-coloured 
and bleached, with a nearly smooth surface. 

Malabar cardamoms, also from Ceylon, are shorter, more broadly 
ovoid and somewhat wrinkled longitudiiudly hnd therefore less smooth 
than the Mysore variety. 
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Mangalore cardamome from soothcm India are larger than tho 
Ms'aore variety, more glohute and with a roughwh and almost scurfy 

’"dlcM)!/ mrdamotni ate rather amall, nhout the size and slinpo of tho 
Malabar variety, bat green in coloar. 



Fio. 89 , JEU^na Corrfojnowwn* v»r. tninunula. A, fruit cut transversely 
X 3. eosa covered ttrfflus X ft. C, seed Without arjlluB X 6 , 
D, longitudinal section of seed X ft, E, transverse section of seed X S. 
F. surface View of lajers of test*, all X 100. ff, oelis of pensperm X 150. 
a, Btereh } or, ariHus j Cft, iwisro of eideiuia oxalate . cr,, cluster of 
calcium osalate , d, diasepiaient , ^embryo; en, endosperm ; A, bilum; 
A^p, hypoderrais j o, oil layer { td, oil droplet s p. TOrJeaip 5 par, wren- 
chyms.5 p», pensperro j f, rugae; ra, raphe; «, seed; scf. sclerencnyma 


The aeetJs ol cardaTOoms ato about Stdiu. long, irregularly ovoid ’with 
flattened faces and rounded angles owing to Tmitual preesnre. They are 
hard and arc covered ertemalljr by a colourleeg membtatvous ariUoa 
which becomeB thicker and oily in Uie fully ripened Beeds. Tlia raphe 
hea in a longitudinal groove running firom the short funicle to the 
chalazal end. Beneath the arfliua, the testa is dark reddish-brown and 
marked by about five to eight transverse UTinkles ; unripe seeds are 

6~d 
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pale yelJomah-brown, Cloao to th© funicle and opposite to the tip of 
the rndiclo there is a smaH oxHarcoIum in tho test^. The aril arises 
partly from tho funicle and partly from the operculum. The kernel 
of tho seed consists of nn abundant white starchy perisperm in which 
is embedded a email yellowsh endosperm eurrounding a email straight 
and almost cylindrical embryo, wbidi is about I'S mm, Jong. Tho 
volatile oil is found in a layer of very large cells in the testa. 

Tlie seeds have a powerful aromatio odour and an agreeable, pungent 
aromatic taste, but the pericarps possess neither aroma nor taste. 



The seeds of friUts which have partially opened are less aromatic, 
and such fmits {“ splits ”) aro less esteemed. 

Tho proportion by weight of pericarp to seeds of cardamom fruits is 
about I to 3. 

Histology. The ptricctrp has on outer ©pidormis of small polygonal 
tab\i!ftr ceils ami a inesoeari> of flMn-walled parenchyma m which ore a few 
eenttered cells with brown resinous contents ; some of tho cells contoin 
calcjam oxalate in email or almost iieodle*Bhaped prisms and often in 
radiating groups, Tho mesoearp is travorsed longitudinally by vascular 
bundles, each of which i« partjally surrounded by a slieatb of scleren- 
chjTTiatous fibres, which -aro lignified. Tho vessels of the bundles are 
unJigniSed or tho middle Inmolla only la ligniiled. The seed has oxtemally 
an aril composed of a fow Jayeis of thin-wnllod elongated cells which 
contain smell globules of oil. 'Hjo ©pidormlB of the testa consists of 
elongatetl fu-^iform cells, nbout 250 to lOOO/i long, ami nearly aqiinro In 
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section . being about 18fi wide and 85f» higii. Beneath thie ts a single 
layer of sraaU-celled flattened panjnd»yi»» W’d then a layer of largo 
rectangular cells about 80 to 120^i long and 20 to 45#t wide and high and 
contaming globules of volatile oil. Within the largo-cellefl layer are two 
or three layer® of smaU-celled partncbjina. Th^se layers together fotro 
the outer seed-coat, which widens around the rapho where the r-ascular 
strand is surrounded by large oil-cells. The inner seed-coat consists of 
two layers only, tha outer is a layer of beaker-shaped polygonal prisms 
each about 15 to 26;* in length and breadth and 30;* high ; they are very 
heavily thickened, especially on the inner tangential surface, eo that only 
a amall lumen remains at the upper end, and this js nearly filled by a 



Pio. eo Cardamom fruits. A, Slyrote B, Mangalore. O, Malabar 
D, long wild native {E. eardamomurn var. *na;«r). E, Aleppi E cluster 
{Amomum keputaga) Q, eeed of J*. H,Kot4rt7na iAfTam»mvm lwrx7na\ 
Alt fruits natural eixe ; O x 4. * 


nodule of silica, about 10 to 16^* in diameter. The inner layer of the inner 
seed-coat appears m tranaverae section as a narrow hyalui© band. Tlie 
perisperm conBiste of thin-walled parenehymaLtoua cells, measuring about 
40 to lOOp, each filled with a mass of starch grama which are rounded or 
polyhc^l and about 3 to in diameter. In each starch mass there are 
embedded from one to several small pnsioa of calcium oxalate The cells 
oUh© ©ndospeim measure 20 to 40;* and contain a hyalme yellowish mass 
which stains deep yeUow with iodine and red with iiillon’s reagent 
indicating a protein nature. The endiiyo conaiats of Ihin-walled cells 


Co^taenls. The principal constiturait of the weds is the volatile 
oil, of which they yield from 2 to 8 (average about 5) per cent. They 
also contain abundance of starcti. Good ripe seeds yield about 
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fhoro is ono jjoro to each carpoh TIio poricrtrp j? odourless, but has a 
bitter toste. Tho seeds arc white to dato-groy — the darker co]o«re<I seeds 
are known oa mate seed — snb-reniform and obotit I to 1*25 mra. long. Tho 
Kurfftco is covered with polygonal roticulationB about nine in tiio length 
and five in tho width of tho eoed ; tho hilum atifl mieropyio aro situated 
in tho slight depression near the smallor ond. Tho cinbrj'o is ciirved anti 
ia embedded in an abundatit oily'ondosporm. They ore inwlorous and tho 
lasto 18 oily. 

CottStitneatS. Poppy capsules contain tlio principal constituents of 
opium. Ripo capsuioa Jmvn been found to contain from 0 018 to 0-28 per 
cent, of morplnnc, untipo from 0-056 to 0-68 per cent. Poppy capsiiles also 
contain meconic acid, an organic acid found only in tho latex of tho opium 
poppy. Although this acid is not an activo constituent, tho detection of 
its presence is often important as indicating a preparation of poppy 
capsules or of opium. 

Tho seeds aro freo from mo^hinc, but aro said to contain traces of 
nnreotine and amorphous alkaloid ; tho principal constituent is 50 to 55 per 
cent, of a iMvle yellow fixed oil } it is n drying oil and is used by artists as 
well as for culinaty and various technical purposes. 

Uses. Tho action of poppy capsules is tho aamo as that of opium, but 
much weaker. The warm decoction is a favourite anodyno fomentation. 
Tho extract and syrup aro unccrtoin remedies, and preparations of opium 
aro m every respect proforoble. 


PRUNE. Pranas 

Sources. Prunes are the dried rip© fniita of Pntnus domeslteei Linn, vor, 
JuhdfW DO, family Rosace®. They aro importpd chiefly from tho south 
of Franco and from CaUfomio. 

CoUectioa aad Preparation. The prunes are gathered wlion ripe and are 
dried for a clay or two in the eun : they or© then Jieatod in an oven for six 
houfR on three guccossive days at tempemturos of 45® to 60® 0. for tho 
first day, 65® to 70® C. on the second, and 80® to 00® C. on (ho third. After 
each baking tho prunes are exposed to tho air. The method described is 
that followed m France. 

In Oaliforma tho fruits are spreail on wicker trays and dried in a current 
of warm air below 100® 0. for about twelve to fifteen hours ; they are then 
cooled and aro piled up in lofty clmmbors for ten to fourteen tlays, during 
whidi Che moisturo remaining in tho fruits bocomos evenly lUstributed. 

Dcscripfios. Prunes are ovoid-oblong drupes, about 3 to 4 cm, long and 
2 to 3 cm. Wide ; the opicarp is piirplo-black, glaucous and shnvellod, it is 
marked faoloW by a circular scar, about 3 5 mm. in iliamoter, irlwre tho 
stalk was attaclied, and at the apex is a tanall browu point, whero tho 
stylo has fallen away. The sarcocarp is yellowisli-brown and succulent ; 
the eiidocarp is flattened ovoid, about 2 to 2-5 cm, long, 1-6 cm. broad and 
0-6 cm. thick, hord, woody and irregularly ridged, light brown m colour. 
The seed is .solitary with a brown testa and a taste which is bitter arid 
resembles that of bonzaldohydo. When used os a drug the endocarp and 
seed are rejected. Tho drug has a faintly aromatic odour and o slightly 
acidulous, sweet and fruity taste. 

COQStiluects. The pulpj' tissue of tho eoKocarp contains about 12 to 25 
per cent, of sugar, also malic acid and salts of organic acids. The seed 
contoins fixed oil, amygtlalin and omuUin, 

Uses. Prunes are both nutrient and gently laxative in action ; they 
are used modicuially m combmation with otlier laxatives. 
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Fia.03. Coccvilusiadicus. l.Pniit,ehowingthatidgo,r».,th9apox,ap ,and 
the stalk scar, c%c. 2. Fruit seen from th« side 3. Transverse section of 
the fruit. 4. Longitudinal section cut at right angles to the median piano. 
5. Median longitudinal section. 6. Seed vie^d partly from the side after 
removal of the upper distalportoftbeendosperm to thelevelofthe cotylo* 
dona 7. An isolated embryo. 8. The samo dissection as 6, viewed directly 


All X 3 {WolIiB.) ' 


COCCULUS IKSICUS. Froctos Coccnli. lievani Berries ; Fishberries ; 
Hock Enderbery 

Sonrees, etc. Cocculus indicus consists of tho driod ripo fruits of .4 namtrta 
poniculala, Colehrooke, family blenispermacea. Tlie plant is a tall woody 
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climbing shrub growing in eastern India end in the Malay Archipelago ; 
tho drug IS exported chiefly from Bombay and Madras, 

Tho name Levant berries was given to them because in the sixteenth 


Cock Anterbery and Hock Endetbery. 


commerce are dark brown or nearly block and externally are much ond 
irregularly wrmkied owmg to tho shrink^e of the succulent outer part 
of tho pericarp ; the inner part pf tho iiericarp is hard ond woody. Each 
fruit is about 11 to 12 mm. long and 9 to 10 mm. in transverse diameter. 
The fruit has a ventral ridgo about 6 to 6 mm. long between tlie remains 
of the stigma and tho scar left by the stalk ; from this ridge the pericarp 
curves evenly in all directions to form a sub-reniform fruit. On the ventral 
Side of the pericarp there are two narrow j- ’;-— - • <■-’ . * ■’ , 

wall, which in longitudinal sections appet. . . .■ 

The seed is cup-shaped and consists chiefly «... 

in which is embedded on embryo consisting of a terete superior radicle- 
pointing towards tho stigma — and two narrow foliaceous cotyledons each 
enclosed in a narrow longitudinal cavity in the endosperm. Tlio fruits are 
odourless ; the pericarp is tasteless and tho seed is very bitter. 

Constituents. The seed contains from I to 1*6 per cent, of an intensely 
bitter, crystalline principle, picrotoxin, accompanied by a crystollino 
but tasteless body, coccidin, ond o large proportion of fat. Picrotoxin, 
(m.p. 199'’), contains no nitrogen and is therefore not alkaloidal, 
nor does it possess glycosidal properties. It is readily separoble into toxic 
picrotoxmm, and non-toxic picrotin, but its further 

constitution is as yet unknown. 

From the pericarp, which is tasteless, two alkaloids, monii^rmino 
and paramcnispermine (Pelletier and Couerbe, 1839), have been isolated, 
but they require re-invostigation. 

Uses. Cocculus indicus is now used almost exclusively for the preparation 
of piorotoxin, which is a powerful convulsive poison ; it has been given * 
internally to check the night-sweating of phthisis, ond has also been 
employed to destroy pediculi. Tho power possessed by the fruits, when 
thrown into water, of stupefying fish has long been known, and is due to 
the piorotoxin contained in tho seed. So susceptible are fish to tlio 
influence of picrotoxin, that they have been used as a means of detecting 
its presence. Some 300 other plants, belonging to a variety of families, 
however, have a similar action upon fish. 

Picrotoxin is given intravenously to counteract tho coma of barbiturato 
poisoning. 


LAUREL BERRIES. Bay Berries. E^ctus Lanti 
Sources. Laurel berries are the dried ripe fruits of the Bay Lauicl, 
Lauras nobtlis Lmn., "family Laurace®, a small tree indigenous to tho 
south of Europe and often cultivated m gardens 
Description. The dried fruits oie drupaceous, ovoid, about 16mm. long 
and 10 mm. wide. The outer surface is glabrous, shining, nearly black 
ond is coarsely wrinkled owing to the shnnkogo of the narrow succulent 
region beneoth the epidermis. The remains of the style appears as a small 
point at the apex, and a small scar ot the base marks the point of attach- 
ment of tlie fruit to tlio thalamus. The endocaip is thin and woody and 
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the tCBta is aflhorcnt to its iimcr eurfaco ; tlxo oivtiro pericarp is obout 
0 6 nini. thick. The kernel of tlio seed couBWtR of two lar^Q plwo-conttjx 
cotyledons and a sroaJ! superior mdicloitt lies loose within tho muted 
pencarp and testa { tt is brownah'yoHoW, «Urchy and oleaginous, with 
an aromatic odour and aromatic and bttttse iaate. TUm pericarp is more 
bitter, but less aromatic tlinn tlio koniel. i 

ConstitueaU, Laurol beirios contain about I per ewit. of an aromatic 
volatile oil and 25 to 30 por cent, of fat. Tlio Inttor, aciwmtod by hot 
prea.-nire, is tho Okiim Lanri Exprwvm of commorco ; when pure it !«m a 
dull green colour, granular consistence, iwmI otomatsc odour. Tlio principal 
constituent is twlaurm (glyceryl Inumto), tho odour being duo to tlio 
volatilo oil, and tho green colour to clilofoiiliyll. Tlio volatilo od consists 
of cmeol (oucalyptol) 60 per cent., accomponioil by eugenol, pincnc, gormuol 
etc. 

Uses. The exprosRod od is soroctinios used in 6timulattn.g hnimcnta and 
in r'eterinory practice. 


D 

Pxo. 04. .d.Zanxibar. H, Sierra Leone. C, Japanese ehdhes. i?, Bombay 
capsicums. Natural abo. {Chimirt and Druygut.) 

CAFSXOUM PKUtra. Fmetos Capsid. Capdeum, Cayenne Pepper, 
ClulUes 

Sonrees. The capsicum fruit used medicinally in Great Britain ia tho 
fruit of Capsicum minimum Roxb., family Solaiiacea>» fruits which are 
known commercially as ” chillies." It is cultivated in many parts of 
the world such lu aouthom India end South America, but more 
especially in Africa. The drug ia exported chiefly from Zanzibar, 
Nyassaknd and Sierra Leone. 

CultlTation and CoUecdoiL Capsiewn tninimum ia poronnial shrub, 
but 13 usually grown as an annual. Seed is sown a-t successive intervals so 
aa to provide fruits throughout the year. The plants grow rapidly and 
joeld fruit in about six months. The fiowera arc borne on erect pedicels 
and are succeeded by fruits which are gathered when just begmnuig to 
change colour and are dned in the sun, 

Descriptiott. The fruit of Capsicum minimum Roxb. is a narrowly 
ovoid or ovoid-conical pod about 12 to 20 mm. long and 4 to 7 mm, 
wide ; it is superior and fiometiioes tho inferior calyx and the pedicel, 
which together are about 20 to 30 Jam. long, remain attached. Tho 
calyx 13 about 4 mm. long, cup-shaped and has five Inoonspicuous 
teeth. The pencarp is glabrous, somewhat shrunken, thin, mote or less 
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translucent and leathery and orangc^red in colour ; it is divided by a 
membranous longitudinal dissopiment into t%vo loculi ^nth axile 
placentation and from five to ten seeds in each loculus. The proportion 
by weight of pedicel and cal 3 ^ in the entire fruit is about 12 per cent. 
The seeds are disc-sbapctl, about 3 to 4 mm. long, 2-5 to 3 mm. wide 
and 0-G to l-O mm. thick ; they nro slightly pointed nt the proximal 
end ^Yhero the hilum and micropylo are situated. The testa is pale 
buff coloured ; the kernel consists of an abundant oily endosperm in 
which a narrow, coiled embryo is embedded. ‘ 

Capsicum fruits have a characteristic but not powerful odour, and 
an extremely fiery, pungent taste. The latter resides principally in 
the membranous dissepiment. 

Varieties. Sicrrn Leone : tliosc are rogartlod as the most pungent of all. 
Tho pod 18 rather Blonder, bright in colour, with tho stalk only occasionally 
attached. 

Nyaesaland closely rcscmblo Sierra Leono, but nro rather brighter and 
moro free from stalk. 

Zanzibnr are usually duller in colour, more stalky, and tlio pod rather 
shorter and broader. Tho calyx and p^icel aro usually present in small 
amount, forming about to 2*9 per cent, of tho drug. 

Histology. Tho pericarp consists of four distinct regions, viz., (1) Tho 
outer epidermis composed of sub-rcctangular cells, often arranged in rowg 
of five to fiovcu, about 25 to OO/t long and wido and 15 to 20^ high, the 
outer walls nro evenly thickened and aro cuticulansed. (2) Tlio parenclijms 
of tho mpRocarp composed of rounded coils with colluloso walls, obout 
30 to 85;i long and 15 to 20/» wide and liigh { most of them contain 
yellowish oily droplets and ycltowish^icd chromatophorcs ; an occasional 
cell 18 filled wjtli sandy calcium oxalate ; small vascular bundles occur 
towards tho inner margin of this region. (3) A single layer of very largo 
colls, about 0-8 to 1*7 mm. long, 0*2 to 0-4 mm. ^r^do ond OdS mm. liigh { 
these colls have cellulosic walls. (4) Tho inner opidcnnis, tho endocarp, 


island under each largo cell. This tj'po of endocarp is characteristic of 
the germs Capsicum. Tlio diss^ment, obout 0*2 mm. thick, ia composed 
of thin-wnlled paronchyron, Eoch epidermis is developed as o secreting 
< ' ' ' ' ’ polygonal-tobular colls about 15 to 20p in 

: • and each cell with o proxm’nent nucleus. 

. ■ ^ , 1 in largo bladderj-^ patches, beneath wWch 

is a secretion of oily droplets amongst wliicli crystallino plates of capsaicin 
occasionally occur. The seed has a very cliaracteristic outer epidennis of 
cells with wavy anticlinal walls and a heavy lignified thickening of the 
hoTse-shoe or beaker-shaped type. On the flat foces of the seed these cells 
’are about 120 to 2 lOji by 20 to I60p m surface view and fiOfi high ; cn the 


glondular trichomes. 

Constituents. The most important constituent of capsicum fruit 
is tho pungent principle, capsaicin (0*05 to 0-07 per cent.), first isolated 
by Thresh (1876) in colourless, odourless crystals. It also contains a 
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minute quantity of a liquid alk^oid which is not pungent, a fixed oil, 
carotin, and a red colouring matter, capsanthin; the seeds may 
contain traces of starch. 

Capsicum fruits yield about 6 (not o«'er 7) cent, of ash and from 
20 to 25 per cent, of alcoholic extract, known in commerce as capsicin ; 
the same name has also been applied to an ethereal extract as well as 



Fjo 05. Fmtsaf «^<Jerma of pericarp of (7. wwirnttm. 

S, epitl&rmis of pericarp of G. ormuum. C, «p, and hypodermis, 

h(fp, of Japwieso chillier. All x SOO. 

to a soft red substance extracted by ether from an alcoholic extract. 
All of these contain capsaida asaocialed with fixed oil, colouring 
matter, etc, 

Gapaakin (capsacutin) is secreted iy the epidermis of tlie dissopimantg of 

the fruit, botwoen the outer cellwallandthocuticJe. Capsaicin, Ci,H„NO, 

melts at 05* and at higher temperatures is volatile, the vapour being 
extremely imtating ; it is a vanfllyl amide, the dihydro denvativa of 
which has been synthesised {E. K.17elGon end L. E. Dawson, 1323). The 
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pungency ia not nffectod by S por cent, ftIcoboUc cnuatio potnsh, but is 
destroyed by oxidation wjt)i pot&SRium Wcbromato or permanganate. 

Uses. Cayenne pepper is applied externally as a stimulant and 
counter-irritant ; internally ii ia used as a pungent stomachic carmina- 
tivo and stimulant, to cliapcl fintulenco and rouse the appetite. 

Substitutes and Adulterants. t^ojMnrseOfiiJlw : these oro distinguished 
by tlioir very bright, crimson red colour nncl freedom from nfnlk ; tho 
coils of the epidermis of tho pericarp have a tmootA (not Btriated) cuticU, 
tfticA'cnfd ivnlh and radiate tumm ; tho coHs of t Jjo singlo-Joyorwl 
hj7>odormia linvo rather thick, pitted, cuttcuJariBed walls. Those fntif s nro 
slightly larger than African chi liion, being nWut 16 to 26 mm. long and S to 



Fio. P6. Capsicum an~ 
nuum, fruit. Natural 
fljzB. {Oentloy and 
Tnmen.J 



Kio. 87. Natal csp'ijcum 
fruit. Natural size. 
(C/temist and Drug'- 
ywf.) 


9 mm. wide and are less pungent than tlw African, but are valued for their 
very bright colour, Tlio small Japanoso cbiHies of commorco aro derived 
from a species of Capsicum which has wot yot been fully doscribo<l or 
named. 

Bcmbaif capsicums, tho fruits of O. onnuum Linn., aro nearly globular, 
ovoid or oblong j tlioy are larger than the fruits of O. minimum, being 
nWut 5 to JS cm, long and 2 to 4 cm. Trido, and have ft loss pungent taste. 
The stalk is usually bent, the calyx toi^or, tho pericarp more leathery, and 
tho dissepiment does not extend throughout the entire length of the fruit. 

colour of the pericarp may bo rod, yollowiah-rod or brownish.re<l. 
The cells of the epidermis are polygonal, larger than those of C. minimum 
and with numerous pits, while tho Iqfpodormis consists of several layers cf 
cultculansed coHcticlij/matcrtia cells. 

Hatal capaiciiJTW, average fvboul 8 cm. in length and hftvo a beautiful, 
tiausparent, red penenrp. 
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Fapn’la, winch is largely grown and ufted in Hongarj', is derived from 
C. Mraffonum Miikr. or from <7. annuum Lam. vnr. hinffum ; the frusta nro 
large and usually more ot less totrogona! in shape; by ^Itivation the 
pungency ss diminiBhed, but tho eolosiTj odour ftisd flavour increased, 

Bird Pepper, tho powder of stfhich is pTOfi to conarioa to impTOVe iao 
colour of thoir plumage, is derived from O. annuwn var. grofsum, Sendtn. 
(Spanish) or O. annuum Linn. var. Iorw 7 Ui» (Hungarian) ; it w free from 
pungency. 

PIMEKTO. Pracku Pimento. Allspice; Jamaica Pepper 

Soorces, etc. Pimento consiete of the dH-v* • * . * . ‘‘uiUsof 

Pimenta oj^emofia Lindlov, '* . • • ■ ... Tho 

panicles o£ borne. ‘ ‘ • - ni tho sun ; 

the drying occup ' •' ..<■ mo colour of the fraita 

changes to reddisl - «u«Jt8 are removed and the fruits packed 

for export. The fiuits aro collected while green because the aroma dis- 
appears during ripening. 

Desexiptioa. The berries arc subspborical, 5 to 8 mm. in diametor* 
reddish-brown, sunooiinted by the remains of tho four-sepalous calyx. The 
surface is rough from the presence of ovoid oil-gland* crobedded ill the 
tisauea of the thm pencaep. The fnut has two loculi and one oxalbununous 
seed itv e&ch the eecde contain oU-glands, but are leas arom&tio titan the 
pericarp. The odour la agreeably aromatic and the taste warm and 
aromatic and is supposed to resemble that of a mixture of cinnamon, 
nutmen and clove, hence the name allspice.** 

Cotuntaenb. Pimento coataina ioimm and 3 to 4*8 per cent, of volatile 
oil, which consists clue6y of eugenol, about 65 per cent. 

Uses. Pimento is as a fiavouring agent and os an oromatlo 
stimulant, resembling cloves in ita action. 

BITIER APPLE. Fruchts Colocysthidis. Colocynth, Colocynthis 
Somcea. Colocynth or bitter opplo consiste of tho pithy pulp 
removed from the ripe or nearly ripe Iruite of CUntilits colocynfhta 
Schrader, family Cucurbitace». Tho plant » a herbaceous perennial 
with a prostrate stem with tendrils, much like a vegetable marrow ; 
it is cultivated and the drug is collected in Cyprus, Syria, Spain, 
Egypt and Morocco. 

CoUection and Preparation. The fruits are gathered in tho autumn 
when they are npe end yellow they are dried in tho aun and then freed 
from the nad or epicarp by peeling with n sharp, pointed knife. Fruits 
aro sometimes peeled before drying, but they keep a better shape if peeled 
after drymg 

Dcscriptioa. The peeled fruit is $ to 8 cm. in diameter, sub-spherical, 
nearly white and very light in density. Externally it is marked by 
spiral Qattiah areas, each about 1 cm, wide, due to the use of a knife 
for peeling the fruit. If cut transversely, three large splits at© seen 
radiatmg from the centre and dividing the fruit into three parts ; each 
part contains two groups of seeds neat the periphery, the whole remain- 
ing epace being filled with a pi&y ^renchyma. In each fruit there 
are 20Q to 300 seeds, wiueh eeosUtut© about three-quaTtera of the 
weight of the peeled fruit. 

The pulp, freed from the seeds, oecum in irregular broken pieces each 
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usually showing email ovoid impressioiia of the seeds and a portion of 
the outer surface of the peeled fruit with its knife marks. 

The three splits arise in the tissue of the three placentas ; the ovary 
is at first three-celled with axilo plaeentation, the three placentas 
grow out from the centre towards the circumference where each 
divides into two, each half curving backwards and carrying a group of 
seeds with it. It is along the middle line of each outgrowth from the 
centre that a split eventually occurs. 

ColocjTith is odourless, but has an intensely bitter taste. 

Ouung to the difficulty of completely removing the rind or epicarp 
and the seeds, one always finds a small amount of each in the com- 
mercial article, which should contain not more than 2 per cent- of 
epicarp or 5 per cent, of seeds. The epiearji has a granular buff- 
coloured, glabrous outer surface and a smooth paler inner surface, 
sometimes marked by impressions of tho seeds ; it is about 1 mra. thick. 
The seeds are flattened ovoid, about 6 to 8 mm. long, 4 to 6 mm, wide 



Fio. 08 CttruUua coloci/nihU, fruit. A. peeled fruit, thawing knife-marks. 
B, transversely cut fruit, shewing six g^vps of seeds and three large 
splits m the piacentic. C, longitudinAlly cut fruit. B. seed, externa! 
surface and longitudms] section ; cats, cotyledons ; At, htlum ; l.s., 
linear split ; t. testa, il, D and C, about half natural size ; D x 1*5, 

and 2 mm. thick The testa is yellowish -white in unripe seeds to 
nearly black in ripe ones ; on each face near the pointed end there are 
two small linear splits, about 2 mm. long ; the embryo is large, straight 
and oily. 

Histology. The pulp, i.e., the mesocarp and placentas, consists of a 
Inrge-celi^ parencliyroe, the colls attaining a diameter of 300^ and being 
separated by mtercellular spaces j where the cells are in contact there are 
fiat, rounded, finely pitted areas about 30 to 100;* in diameter. The walls 
are partly lignified, sometimes largely celluJosic. Korrow vascular strands 
occur here and there, The rind or epicaip has an epidermis of polygonal 
prismatic cells about 20 to 25/i high and 16;i in diameter, the outer and 
roflial Vails are thickened and cuticnlarisod except for the layer next the 
lumen 5 large stomata occur at intervals. Beneath the epidermis is a 
layer of about fifteen rmvs of thin-wallod parenchj'ma And immediately 
Within this n layer of thick-walled Itgndlcd sclerenchyma. The outer one 
to three layers of seJereids are hcavi^ thickened, but the inner layers are 
larger and have tliiimer walls, gradually merging into the parenchyma of 
the pithy pulp. The seed has ft palisade epidermis of polygonal prismatic 
cells about OOp high and 20p m diameter. The anticlinal walls have about 
ten to twelve vortical tapermg bars of thickening which, when focussed in 
eurfoee view, give the walls ft charaeteriatio beaded appearance. The 
contents of the epidermal cells are brown and react for tamun. TJie 
remainder of the testa consists of a faeavibf' thickened sclerenchyma about 



(vwcrxTii 



parunchyraa. par, of Ihe pcnc&rp U, scimnchyroa of pulcr part of 
pericarp. C, pithy part of pericarp V, epideimja of pericarp In surfaco 
View E, transverse section of port ofthotoataofthoapcti ; ep, epujemus s 
«/, scleronchyjnatous tissue; sc/', innemuMt layer of the same; rrf. 
seticnlateslccWft , par, yaeetwhywi* r.waversnos^paTt t>? ptitV 

ofcotyledon , cot, cotyledon ; p(ir,p«renrKyniaBbutt(ii(;on thereticulatecl 
ceils, I, 2 anil 3. collapsed layers: 4, inner epidermis of remains of 
endosporni , 8, opidermis of cotyledon, o, «pi<Iertnis of testa jn surface 
view. All except C X 240. C x 00. (After Gwenish.J 
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eight to tojt colls whIo, within wiiicli is a narrow Jayor of (Jn'n'Wftllwl more 
or Iprh r(»Urvpscd pivroiJchymJV four to fivo ooHa wide. TJjo two Itinor Jayors 
of tho Hclorofifhynm diffor markddly from tho outer cohs, thy innermost 
JvtvH lignifuMt loticulftto iJhckomnij nml tJjo coHs often have domo-sJuipofl 
proji'Ctf<nin to%vnnl8 tho interior of tho Rood j tho Jayor atiovo this is very 
regular and tho colls Ijavo stollato projections Jatorally. Tijo embryo 
conflifita of th{a■^vaIlod coUuloso |>aronchyma containing fixoii oil and 
small alonrono grams. 

Constituents. TIjo chief constituents of colocynth pulp appear to 
)>Q an alkaloid prwlucrng very drastic purgation even in small duties, 
and amorphous resins soluble in el!)cr and chloroform which also are 
powerful purgatives. Other constitucnte arc a crystaUino alcohol, 
eitruliol, and a-claterin ; neither of these is purgative; fl-elateriti 
js also present in elntcrjum fseo “ Elaterium ”). Tlio preseneo of a 
crystaUino glucosido, colocynthin* formerly reported, has not been 
confu-med. Tho pulp also contains from 1*0 to 1*3 i>er cent, of fixed 
oil and yields from 7 to 13 per cent, of ash ; it contains no starch. 
Tho seeds contain IC to 17 per cent, of fixed oil and have an ash of 
2'5 to .3 per cent. 

Varieties. Turfeey colocynth, imported from Syria, Cyprus, etc. j tho 
fruits arc earofully pcolod, nearly white, and contain o largo proportion of 
pulp. 

Egyptian cc»l<jeyftfA, from tlio Anglo-Egyptian Sudan, very similar to 
Turkey colocynth, but in fragments freed from tJio ecetb. 

Spanuh colocyttlh is loss sigh t Jy, ofton discoloured, and con taina loss pulp. 

JVfoj7(idofe flofocynt/i is occaalojmtly imported ; it in «npoolo<I. 

Uses. Colocynth is « ga«tro.int<^tinnl stlmnlant or irritant and 
one of tho most powerful of tho oflicinl purgatives acting aa a hydro* 
goguo catliartie. It m employed na an occasional purgative to prodaco 
free evacuation of tho liowol.s in bilious dorongomonts of clironic 
constipation, but ns it causes griping ift seldom prescribed alone. 


BA&b FRUIT. Fractus Belo). Indian Bad ; Bengal Quince 



K«? 100.— -BBelfruit. so 

KoctfOn of a small specimen. 
KotiJrnl «iso. (Tfolmo'i.i 


Sonrees, etc, Indian baol i» tbe 
fruit of /Effle Manngh* Conva. 
family Butaco®, a treo attaining a 
height of 12 metres ond growhig 
botli wild and cultivated throughout 
the entire Indian peninsula. Being 
tt sacred tree, tho Hindus plant it 
near their temples. It bocomo 
known to tho Portug\icso as n 
remedy for dyftontory when they 
occupied tho oaatom shores of 
India, tlio pulp of tho half«rlpe 
fruit being eaten whiJo fresh. It 
Was introduced into Europeon 
medicine about 1850. 

Description. The fruit is sub- 
spbortcal, about 5 to 10 cm. in 
diamoter. Tho epicorp is a hard 
woody rind about I *5 to 2 mm. 
thick, oxtenmlly smooth or slightly 
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granular and reddish-bro-wn'in colour, trith a circular soar left by the 
remo^'al of the atelk- fruit ctai^ts of ten to fifteen carpels, each 
containing several hairy seeds embedded in a reddish pulp, -which is 
aromatip and mucilaginous when fresh, but hard when dry. The fruit is 
Bometirnca imported fresh, but usually in dried quarters or transverse 

ftoiatituents. As far as is known, the priocipal constituent of baol fruit 
IS mucilago. Traces of tannin aro present in the ripe, but not m the umipe, 
fruit. 

Substitutes. Several substitutee for bael have bear met with, viz. t 
ilnn^ostem /ruita {Oardnia MaiitjostHna Linn., famUy Guttiferm) ; 
these may be distinguished by tho darker rind, to which the pulp does 
not firady J^cre, and by the wedge-shaped, radiate stigmas ; they 
eonfain crystalline niangoattne, tannii, end resin. 

Wood apple (Feronia eUphantum Correa, family Butacese). Tho fnut is 
five-lobed but ono*coUed, and has n rough exterior. 

Pmnegraivae rind may bo diatinguwhed by its astringent taste and the 
triangular impressions of the seeds. 

Tfses. In the freeh state Indian bael is a pleasant, refreehing fruit 
valuable in tho treatment of diarrhoea and dj-sentery. A liquid extract 
from the/wA fruit appears to possess its specific action. 

BITIEB ORANGE. Fructua Aurantii. Seville Orange 
Souices. The bitter or Seville orange U the fruit of Ciiru^ Auraniium 
Linn. (C. Avraniiun rar. Bigaradia, Hooker filiua ; C. I'ulgoris Risso), 
fanuly RuUceaj, a email treo probably a native of north-eastern India, 
but cultivated in most warm countries. In Europe it is grown in the 
couninw bordering on the Mediterranean. Bitter oranges are shipped 
chiefly from soutoera Spain {Seville and Malaga) and from Sicily 
(MeR«inn and Palermo), Seville oranges boing considered to be the best 
for medicinal use. 

In addition to tho fteah fruit the dried peel is also largely imported 
from Malta, Spain, and Morocco. 

Cultivation and Collection. Serdlmga aro planted out when eix to twelve 
months ohl, so that tho trees are about 8 metres apart m the plantations, 
which oro known oa orange groves. They come mto bearing when five to 
seven years old Tho yield of fruit is improved by manuring, weeing and 
working tho ground between tho trees. The fmit is colJectod while stdl 
imripo. packed in boxes and exported, tho npening being completed 
during transport. 

BesetipUou. The fruit is sub-spherical , about 0 to 10 cm. in diameter, 
and h Ruperior with & aroall point-lik© scar at tho apox where the stylo 
was attached and a drj', disc-shaped remaias of tho nectary at tho base. 
It 13 composed of ciglit to twelve carpels with the same number of 
locuh, each of which has two rows of seeds srith axilo pbcentation. 
hlach loculus is completely filled by a pulp which originates as hair-liko 
oulgroMhs from the inner epidermis of the outer pericarp wall and 
from the placenta. The pulp is sour and bitter. This typo of betry 
js termed a hespericlium. 

FrrAh onngc jKfl is cot from tho orange when required for use It 
roudsts of the outermost part of tlie perkarp with o-s little as po*>thM 
of the white pithy p.srt or “ le-t " which Utter is devoid of volatile oil 
and n Inking m bitlerai-ss In culling the peel r.ire is taken to prewnt 
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rupture of the large ovoid ojKglaads embedded in the orange-yelhvr 
outer part. The oil-glanda give rise to numerous small projections on 
the outer surface of the fresh peel. 

Dried orange peel prepared in England is in long spiral strips about 
6 to 12 mm. wide and 2 to 3 mm. thick, cut by hand. Maltese peel is 
usually in narrow machine-cut strips, described os “ fine cut ” or 
” gelatin cut." The “ fine-cat ” peel is less esteemed because of the 
loss of aroma by excessive rupture of oil-glanda during preparation. 
The dried peel is hdrd and brittle when dry ; tough and supple when 
exposed to a moist atmosphere. The outer surface is rough, dark 
orange-red and shows numerous email circular depressions or pits 
above the oU-glanda ; the inner surface is whitish and pithy. The 
transverse section assumes a dark green colour when moistened with 
strong hydrochlorio acid, a reaction that is occasionally useful in 
identifying the peel. 

Constituents. Bitter orangfe peel contains volatile oil, aurantiamarin 
(an amorphous bitter principle), hesperidin, iaohesperidin, hesperlc 
acid (colourless, tasteless crystals), a bitter resin and bitter aurantia- 
maric acid. The peel yields from 3*5 to 6*5 per cent, of ash. 

The seeds contain about 40 per cent, of fixed oil, pectin and a 
crystalline bitter principle, limonin. 

Hespendifl, is & colourless, tasteless, crystalline glycoside that 

occurs in all species of Citrus ; by hydrolysis ib yields hesperetin together 
with dextrose and rhamnose ; he^retin may be split up into isoferubo 
acid and phloroglucin. It is not Identical with the diosrmn of buohu 
loaves. Hesperidm appears to be identical with or closely related to 
vitamin P. 

Uses. Bitter orange peel possesses both aromatic and bitter 
properties, and is used as a tonic and as an agreeable flavouring agent. 

Substitutea. The peel of the sweet orange ia said to be frequently mixed 
With that of the bitter orange ; ib may b© distinguished by being thinner, 
paler, and more yellow in colour and much less bitter in taste. Lemon peel 
(dried) scarcely changes colour with strong hydrochlono acid. Dried 
orange peel in curved pieces or about 3 to 6 cm. long and 

3 to 4 cm. wide at the middle, with acute ends, is usually green or greenish- 
brown in colour and is a regular article of coznmerco ; it gi^'es a good 
yield of volatile oil. Indian orange peel is also obtained from Oilrus 
Aurantium grown in India j it is usually in irregular pieces of a rather 
dark colour. 

Olher Bfodnets o! the Orange Tree 

Oil of NeroU is the volatile oil distilled from fresh orange flowers ; chief 
constituents hnaloi, geraniol (and their esters), hmonone and methyi 
anthranilato (ortho-amidobenzoate). 

Orange Flower Water is a saturated aqueous solution of the vulatile oil 
of the flowers obtained during the distillation ; the residue contains the 
bitter principle limonin (naringin). 

Oil o/Orangt is the volatile oil obtained from the rind of the bitter orange; 
chief constituents d-limonane, citml, citronellal, deoyl alcohol, methyl 
anthranilate. 

Oil of Portugal, the volatile o»l from the rind of the sweet orange, has 
similar constituents. 
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Oil of Pelit Grain, tho volatile oil obtained ongmolly from thft immaturo 
iniits but now from tho leaves and t^rigs, has also a vary airmlar composi- 
tion. 

I£MON. Fmctus Limonis 

Source, etc. The lemon is the fruit of Citrus Limonia Oobeck, 
fanuly Rutacete, a small tree which, like the orange, is probably a 
native of northern India. It is cultivated in all countries bordering 
on the Sfediterranean, especialiy in Sicily and southern Italy, ia 
Spain and Portugal, and in tho Riviera. 

CnlUvation aad Collection, Orange seedlings are toised from seed and 
when about nine months old aro planted out X metre apart ; about six 
monthi later they are grafted tnth lemon and after about another twelve 
months aro planted out 8 moires apart. Tbey begin to yield fruit when, 
fivo to Seven years old, 

Tlio fruits aro gathered whilst 
they aro still green ; tho finest aro 
wrapped in paper and exjwrted in 
cases of 200 {Murcia lemons) io 360 
(Messina Icmona} s less aightly fruits 
are packed in barrels and preserved 
fldtls salt water. Tho fincat lemons 
are those importerl from Sicily 
(Me««ina and Palermo) j those from 
Muroa aro also of high quality, 
whtio KaplcR and lifataga lemons ore 
less estcctned. 

DescriptioiL Tho lemon is ovoid 
or obovoid, externally palo yellow 
and nearly amooth, about 6 to 
10 cm. long and 4 to 7 era. wide, 
with n mppic'shaped apex and a 
drj' disc'like nectary at tho base. 

It consists of about eight to ten carpels and has a similar number of 
locuU filled with pulp as in the orange. Tho pulp has an agreeable and 
strongly acidulous taste. 

Freeh lemon peel is cut from tho fruit when required for uao ; it 
consists of tho outer yellow part of tho pericarp with aa little as possible 
of tho while pithy zest. Externally it h yellow and smooth with 
numerous small elevations over tho largo oil-glands embedded in tho 
hj-podcrmal tissue It has a fragrant odour and a somewhat bitter 
taste. 

Dried lemon peel occurs in long, usually spiral, strips about G to 
10 mm wide, 2 to 3 mm. thick and up to 20 cm. or moro long, sonjo 
pieeva with the nmpJe-shapcd apex attaclied, Tim outer surfaco « 
yellow to yellowish-broint and m tugoso and marked by numerous 
minuti' pita eorresponding to the position of tho subjacent oibglands ; 
the inner surface is whitu*h and somewhat Incuno-is. MTien diy it is 
brittle, but is touph and Supplo when Mo»t. 

Lemon Jtitce. Krwh lemons yield about SO per rent, of juico, which, 
for pliurmacculical use.shouM Ik? pirased from tho frofth fruit. It Ls a 
turbid yellowidi liquhl with a characteristic odour and acid taste. 



Fio. 101. Lemott. TransvcrBc section. 
(PlsnchoR and CoHui.) 
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Largo quantities of lemon j\iice are pressed in Sicily from tho pulp 
that is left in tfao production of the volatile oil, tho residual cake being 
used as cattle food. Tho juice is concentrated to a specific gravity of 
1*233 to 1*235 and exported, chiefly to England, for tho manufacture 
of citric acid ; or tho citric acid is precipitated as calcium citrate from 
•which the citric acid is subsequently regenerated. 

Constituents. The ptd contains volatilo oil, hesperidin, and ■vitamin 
B. The jaicc contains 0*6 to 8*5 per cent, of citric add and also 
vitamin C. The amount of citric acid in the juice is largest in lemons 
imported in December and January, and emalJest in August, both the 
fruit and the juice itself gradually diminishing in acidity when kept ; 


Decitrated lemon juice is used for the manufacture of vitamin C 
concentrates, as also is orange juice. 

Oil of I/6inon. Volatile oil of lemon is prepared by two hand'proceesea 
based upon different principles and, though these processes are still 
used to a limited extent, the bulk of oil of lemon is now oWined by 
machines which are based upon the prindples of the hand-processes. 

pTOU99. The lemons are cut into two pieces, either longi- 
tudinally or tranaveraely ; the pulp is removed from the halves by a 
’1 ) steeped in -water for some hours. 

• : / holding one in the right hand and 

: • j ■ oil-glands are ruptured and the 

ejected oil is absorbed by a spongo held in tho left hand of the operator. 
When the sponge is fully charged it is squeezed or pressed and tho 
liquid that accumulates is allowed to stand until it separates into an 
aqueous and an oily layer, which letter is decanted. After filtration 
the oil is put into copper cans for export. This process is very prodigal 
of time and labour, although it pAxiuces an oil of high quality. JVom 
about 360 to 600 gm. of oil are thus obtained from 1,000 lemons. 
Machines are now made to treat the lemon peels in an analogous way 
and will produce about ten times the amount of oil in one-third of the 
time ; these machine-made oils are of high quality. 

Eciidlt Process. In this process, in the south of France, a 
shallow bowl-shaped pewter basin, called an ecuelle, is used to remove 
the oil. The basm is about 25 cm. in diameter and is studded inside 
with a large number of brass pins, about 1*25 cm. long, having some- 
what blunt points. The fruits are rolled over these points with a 
moderate amount of pressure until the whole surface has been scarified 
and the liberated oil flows down into the hollow interior of the cylin- 
drical handle, about 2*6 cm, in diameter and 12 cm. long, which is 
attached to the centre of the bowl. The contents are emptied into a 
larger vessel and are allowed to separate and the oil is decanted and 
filtered. Machines, which liberate the oil on the principle of the 
ecuelle process, are also made and produce an oil of satisfactory 
quality. 

Oil of lemon is a pale yellow liquid of sp. gr, 0*857 to 0-8ol ana 
optical rotation -j- 57 degrees to -f- 65 degrees, consisting of about 
90 per cent, of the terpene limonene and about 4 to 0 per cent, of the 
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aldehyde citral, -which is the chief odorous constituent of tho oil, 
Other odorous constltuontB are small proportions of citronellal, 
geranyl acetate, linalyl acetate, octyl and nonyl aldehydes. 

Other Citrus 

Bergamot. Tho frmt of Oitrua Bergamta Risbo, cuJtivBted in southern 
Italy and Sicily. The volatile oil is obtam«l by rotating tho fnuts m a 
rnachme against sharp copper pointe, collecting anti filtering tlio mixture 
of voktiia oil and cell sap and decanting. The pulp is presaotl and tho 



juice used for the production of calcium citrate op citno acid. Tlie oil 
canteins Iinalyl acetate <34 to 40 porcwit }, rf-Ianonen© and borgajJtone. 

Lime The fruit of Oitrus Htdica var. acida Brandis CWeBt Indian 
Lime), or of Citrua LimeUa Risso (ftalioa Lime). The volatile oil of the 
formor has an odour of citronoUa and oontoina citral and limonene ; tl^fe 
of the latter an odour of ber^mot and has a composition similar to 
bergamot oil, but containa leas linaly] a<»tato (26 per cent.). Tlj® pulp of , 
both contains citno acid (obout 7 per cenO.). 

ECPS. Bosm Cardam Proctos 

Soarcm, etc. Hips are the freah »ipe fruits of Bosa canina Lmn., the 
dog rose and of other specioa of Bota, the principal of which are It. arvenais 
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Hwds., the field rose, and Jt. mollis Sm., the do^vny rose. Tlie fruits are 
collected from plants growing wfld in Britain. 

Description. The fruit of Rosa w an aggregate fruit formed from the 
apocarpous gynoecium of a single flower, it is an eterio of achenes, termed 
a oynarrhodon. That of R, canina is um*shaped and about 2 cm. long, 
bright red and glossy externally and bears at its summit the scars left by 
the fall of five sepals. The bulk of the fruit consists of the succulent hollow 
thalamus which bears numerous achenes on its inner surface. The achenes 
themselves are hairy as also is the inner epidermis of the thalamus. The 


but the styles protrude in a 
distinct column. The fruit 
of R. mollis has five per* 
sistent sepals and the surface 
of the fruit is bristly. The 
taste is sweet, acidulous and 
slightly astringent. 

The part used in making 
the confection is the pulp 
only and this is separated 
by rubbing the ripe fruits 
tlirough a hair sieve. 

In makmg the syrup, the 
fruits are first simmered 
with sufficient water to just 
cover them, after which they 
are mashed with a wooden 
spoon, transferred to a jelly* 
bag and the juice squeoz^ 
out. In this way, the skins, 
achenes end trichomea are 
all removed. The trichomes 
are 1*0 to 1*6 ixun. long, 
unicellular, slenderly conical 
with a sharply pointed apex 
and walls which are 8 to lOii 
thick. They are extremely 
irritating to the mucous 
membrane of the bowel and 
must be carefully removed in making the syrup (see Fig. 102). ’ 

Constituents. The pulp contains ll to 15 per cent, of invert sugar, about 
2 per cent, of citric and malic acids and about 2 per cent, of tannin ; the 
red colour is due to carotin. There are also present vitamins 0 and P. 

Uses, Hips are used in the form of a confection as a dietetic and as an 
excipient for pills, A synqj prepared from hips contains from 0'175 to 
0*300 per cent, of ascorbic acid (vitamin C). 

STAB AKISE FRUIT. Firaefas Aniri SteUah 
Sources. Star anise fruit ia the ripe fruit of IHicium verum Hooker 

■*' f» * — ■-•iigonous to the southern and 

■. ‘ » mall proportion of the harvest 

. • . ■ tho distillation of the volatile 

oil. 



Fio. 103. Fruits of /{lictum wrum and J. 
reltptoauin. 1, entire fruit of /. wrum ; 
3, a single carpel ; i, stalk (left) ; 6, seed ; 
2, entire fruit of I. religiosutn ; 4, stalk 
(right) ; 5, single carpel ; 7, seed. (Vogl ) 
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I>«cripUotl. Tl>^(ruit t’mt\tr<«*rioof<mp'W(lc«l folHclr»», JiormAlly pfpht 
Kafh follicle i5 about 1-5 or up <o 1*7 cm. lone. »rp to l-l cm. 
d^\\ ami < to 5 mm. th<ck. Tha foHidc* are /wlharcnt bv Ibwr bo-s^ to a 
r^n!r»l axj« an-l mbatc bomontally wttb the spill ventral sumro Kjtpcr- 
nv5*t ib*icIo(*iPRtb<«singIarpadLOi-brcmii,8hinmg. lianlawl. The carpels 
an- n^Mioh-btwn. woody and sortlcwhRt wnnkltsi extemaUy. paler 
sm-wtb and mtemaUy j they are Iwat^hapeci and bluntly Ixvtkwl 

ar tlir op<-x. Tlii> jvyljr*.} is atrongly mrvTd «1 the dj^taJ rn<L 

IMb iIk- j«encAtp and tb«- kernel have an a^nwoble. aromatio odour 
and a rweel ipjej’ taste. , 

CouititctsiU. The chief Cf»n»tittient of the fnnt is the s'olatuo oil 
e<n»ta«je.t in the pericarp {abotit 10 per cent) and m the kcniel (alwiit 
; A ^v-r ^ent.) The ml eloaely rp*emblea that of PimpintUa Anwm Lmn. 
anti may lie •nVeldidwl for it ; « rontaina alwot 80 to 00 per rent, of 

aiiethol. 

tllCS. The ei! is emptoyetl m a cartninatiits and aa a flavoaring agent. 
e^syfcsJJy in cough rniittures, as it is thot^ht to pwseas a aprcuil action 
i>ii ilie Im-nchiAl mneou-s siirfArTa. 

Adollcrtsl. JAfsiiifee atar aniee, aim) called aikimi fniUa or bastard star 
atn«e tfllwriMoi frlijianim 5icbold). These fruits jtnd tlieir way to the 
Indian and oerasienally to tlu* London roarkot. As they are totw they 
t««s! 1»‘ mrefiilly djstiiipu«!ir<l from the Clime**-. Tliry are less rrgulftrl,v 
rWelepsl, and shshtly smaller, up to 1*3 cm. long, 0 mm. deep and fi mm. 
llijek ; the catjvIs are umally more wnnkled, the beak more acute and 
rr'tnmfsdy direetol upwants ; the pe<lunch*, to winch tho wrpi'U soldom 
rm/iin attwheil, is sireicht T)»e Japanese fruit* Jiait* ft l>aJ»an5ie, not 
«’ii»ediVe o«lmir, and a di*apTeaWe, bittcrv-h tA«te ; the insto ftnd otlour 
are llr- l««*t cluiractehi by « bieU to distuiRuisli tin* gemune from the falv*, 
a* tiiey can l>" applied to fragment* of (mit. Poivaning by bastarl 
a/nse M «f f«vjoent oecum-fico m tl»e Onent. 

Tlje toxje constituent* of Ja}vinese Star luiise are fjkmutoxn* (ftmor- 
pVuM) ajvl sikimtn frr'i'stallifie) ; the drug also contains {btp«l oil, aikimic 
*►/■»( a;vl sikimipierin. 

HOPS. Laysfos, Hoaolat. StroblZ! I/xptili 
SoniCW, TliC hop, /fw"v«3/o# f.upciuj Linn, family’ SlomcMe, i.s*a 
d.o<i>?w» seatirou* climbing pl.vif, wjtli iv-miriMl root, widely diffused over 
K’lTT-l-e fcad lkigl«rvl. gnewuiC m lieilg-i and thicket* It is cnltivatesl m 
JVpUfv!, tJeniwiiV. }lti*»M, tkdd'imiA. etr- 
ColtlrtUoa »ni CSoIlrcUoa, ft«>iw are grown from cntluisrs n-orrsl in 
a nursrrj »^»d j out ? metre* ajsut a* fl- field I^ilre 2 5 to 3 5 

cviTrs Itfli ate Jsit in at tl*e crwl tl*e first year an-l |he *.ul »s «>JJ 
; they j kI-I fmit m ilie Are<sv«l year Tlie fmiu arc pw-ke-l (nini 

tU iXfcTit tiilli desTl.-iwl, at,.) ,lo«| . U,*.j are frojurnUy rsp>*.-t 

t-> I fn-~* ef lejr-uiig Kiljiittr (fiilf-tiuf deiiideh by which rh«"et,{n„r i* 
je>*..Ts-oj *?.*?, sre tn tl,.- suT-ma »« said to t-r> hn>-lerr«L Tjj.-y am 
pa,X»-l l>«««-,lart m'lallv llc->' are I’st-.-.-.l into eoniiwu-t 
k'. Wl, a. •'j.wkr?*’’ 

IVwTlytiKL Tl*e It' p a c«'r«[s»u'al or r«»lJe*-f<s-,. fftuJ forme-f frwn an 
•r 1 ..* hr-vi’,. i-.fi. ♦nft-rrwst.e.- |,a« A SlgTAff an* *rhv-h 

'*^Tj * rynx- at *aeb ot.le }^)i Cinst] cjn*e llO* two ••ij-otea 

« *1 f 5r», I trtovst t-raets, ui tt>^ asil”<d rswh r f w!,.^h u a 

f I**. .«-e n srrr. vl irh d^^vj tot« a sma.M fra.r TIk- and 
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bracteoles ore folded along one margin \rith a small fruit at the base of the 
fold and are ovato and markedly vmsymmotrical. The stipules are about 
10 by 5 mm to 20 by 10 mm. and the bracteoles are 15 by 7 mm. to 30 by 
10 mm. The zigzag axis or ** strig is about 3 to 4 cm. long. Each small 
fniit IS an ocheno with a dark violot pericarp, closely invested by an 
orange porigone ; both the porigone and the basal part of each bracteole 
are covered by glistening yellow glands 
containing volatile oil. These glands when 
Bcparatcd constitute the drug lupuliii, 
which gradually turns brown during 
storage (soo Lupulin, p. 22). 

Constihienls. Hops contain volatile oil, 
tannin, sugar, fatty acids, resins, etc. 

The volatile oil (0'3 to l-O per cent.) 
consists chiefly of the terpen© humulene. 

The bitterness is duo to a number of sub- 
stances, only one of which, humulol, has been 
obtained ciystallme and pure. Xanthohumol 
13 an orange-yellow crystalline body. One 
of the constituent resins yields by oxidation 
valerianic acid, a reaction that explains the 
change in the odour when hops are kept. 

Uses. The volatile oil produces sedative 
and sojionfic effects, whilst the bitter 

^ substances arc stomachic and tonic { bops 

c, fruit magnified, showing accordingly improve tho appetite and 
lupulm glands. (Tschirch.) promote sleep. 

FIGS. Fleas ; Caricte x 

Sources. The ilg is the dried ripe fruit of Ficus Carica Linn., family 
Moracea. It is cultivotod m.the Mediterranean regions ond in California. 
The fruits are gathered when ripe and are dried in tho sun. 

Description. The fruit, known os a syeonus, is developed from an 
entire inflorescence, the fleshy part being a hollow receptacle— 'the 
inflorescence axis — to the interior of which very numerous small flox^ors 
are attached. The fruits from these flowers ore drupes, tho stones of which 
are the minute “seeds” present in figs. The fresh fruit is pear-sliapod, 
hut the commercial dried fruits are irregular, about 6 cm. in length and 
breadth and 1 to 2 cm. thick. At ono jKjint on tho surface may bo seen the 
orifice of the receptacle surrounded by small bracts and at another port 
tho shqrt remains of the stalk is usually present. IVIien young the 
receptacle contains laticiferous vessels filled with a milky latex ; as it 
ripens the latex disappears, tho fleshy wall fills with sugar and becomes 
edible. “ Pulled ” figs have boon modo supple by kneading. “ Pressed ” 
or “ layed ” figs have been flattened by jiocking into boxes. “ Natural ” 
figs have not undergone any such treatment. Tlio chief varieties are, 
E16md, OJqDorted from Smyrna, which are considered the best ; Spanish 
from i\Ia1aga and Valencia ; and Greek ; the latter have thicker skins and 
are usually threaded on strings or packed in barrels. 

Constitueats. The chief known constituent is about 50 per cent, of 
invert sugar ■with some sucrose. 

Uses. Figs are used as a dietetic and os a mild laxative. 



Fio. 104. Hop. a, strobile of 
tho Hop, naturol size. 6, 
bract enfolding at its base 
a small fruit, and showing 

Iimtilm olAnrlfl. nalural aS^a 



CHAPTER XII 

entire organisms 

JIaNV entire organisms, both plants and animals, are used as 
remedial agents and in pharmaceutical practice. They are con- 
Teniently grouped as herbs, including flowering tops, and animai 
organisms. 


Under the description Herbs one includes drugs consisting of the 
entire plant, such as Irish moss and ergot and also drugs derived from 
flowering plants and consisting of flowering tops which include smaller 
stems, leaves, flowers and fruits, as well as others consisting of all 
parts of the plant growing above the ground level, such as lobelia, 
and in some instances also the root and rhizome. All these plant 
members, occnrrmg in herbs, except the main axis itself, have already 
been discussed in previous chapters. The axis in herbs consists almost 
entirely of stem, the root or other underground structure only rarely 
being present. 

The type of stem is that known aa a herbaceous stem* of which there 
are two main types, viz., (1) the sterna of annual plants such as 
stiamoniuxa, and (2) the stems of second year plants of biennials such 
as digitalis and of herbaceous perennials, which have perennial root> 
stodcs and throw up aerial shoots annually, os does h^adonna. In 
all cases the steins die down at the end o! the season and consequently, 
if they are dicotyledonons, cambial activity is limited to one season or 
part of a season ; in some such plants cambium is wanting between the 
primary bundles, as m species of RanunaUus and in the aerial stem of 
Podopkiillum where, moreover, the bundles are very numerous and ehow 
a scattered arrangement aa in monocotyledons. In many herbaceous 
stems, the vascular tissues are ilbdeveloped. 

Herbaceous sterna afford many useful charactera for the identifica- 
tion of the diuga to which they belong. The shape may be terete or 
nearly eyhndncal as in chiretta and euphorbia pilulifera ; toinged as in 
lobelia and broom , pentagonal or five-sided as in broom ; more or 
less collapsed and grooved due to shritikago during drying as in 
belladonna and henbane. The colour may be green as m broom ; 
pale green with purple patches as in lobelia ; brownish with purple 
patches aa m euphorbia pilulifera. TThe surface may be glabrous as in 
chiretta or more or less hairy as in lobelia and euphorbia pilulifera. 
The phyllotaxis is also a good character aa in lobelia where it is | m 
chiretta and euphorbia pilulifera opposite and decussate ; m broom s j 
in belladonna | or f . The transversely cut surface and the pith both 
give diagnostic characteis. The transvetBe surface ia always studied 
m the internodcs and shows a characteristic outhue, e.g , circular in 
chiretta ; pentagonal in broom. The pith may be solid as in chiretta, 
ox have a central hollow as in beiladoima and henbane 
The root, when present, is usually a tap root and may be vertical as 
in lobelia or oblique as in chiretta. 
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Histology. Roots aro go rarely present in herbs and forni so smaU a 
proportion of tho drug when they occur, that their hi^tolopj’ need not bo 
discussed at this stage. Smeo also leaves, flowers, seeds and fruits have 
been discussed previously, attention may now bo limited to tho histology 
of tlio stem. Tho majority of tho tissues of tho stem hflvo also been 
considered above, viz., xylem, phloem, cortex, epidermis, phcllogen and 
tegumentary dovolopraenta from tlio phcllogen. Wiat is now requirwl is 
to discuss more cspecmll}* tlio ormngoment of these tissues in herbaceotw 
stems and to deal in detail with tho endodermis and pith, 

Sfructumlly tlio herbflceotxs stem consists of a ground tiasuo in whicli 
conducting vascular strands or bundles arc embedded. Tho main axial 
bundles run vertically through tho mtcniodcs in many dicotyledonous 
HtenLs, such os Ganna^ and Grxnde/ia, but in other examples there aro no 
separoto bundles, tho vascular tissuo being developed os a cylinder of 
xylem Kurrountlerl by a cylinder of phloem as in Digitalis ond BeVadmna. 
In other wonls, in tlio ease of dicotyledons, cither separate procambrial 
strands arise and develop into a nng of discrete bundles or a complete 
cyluider of conducting tissue is developed os tho primarj' fonnation. In 
tho majority of stems having separate or discrete bundles, these eventually 
becomo united into a continuous cylinder by tho formation and activity of 
interfascicular cambium, os in LdMia, Orindelia and Cannabis. In a 
few plants, such as Ranunculus and Podophyllum, tho bundles aroponna' 
nently soparoto. Tho main axial strands or cylinder is surrounded 
oxtomally by a pertcyclo and an endodemus. I^o pericycio ond oil tissues 
withm it are knoim collectively os the ftele and tho (issues external to tho 
pericyele constitute tho cortex, tho innonnost layer of wliich, termed tho 
endodennls, is frequently specially difrerentiated. In steins, the xylem 
does not reach to tho centre, which is occupied by a region of fundamental 
tissue, of greater or less extent, termed tho pilh or medoUs. At or near the 
nodes, openings or gaps ore formed in tho stolar cylinder to allow branches 
of the conducting tissuo to be soporatod and to ^como united ocross the 
cortex witli the fobar strands developed in tho leaves and petioles. Tho 
gops ui tlie vascular cj’linder arc termed foUar-gsps ond the small branches 
passing into tho leaves aro tho leaf-trace bundles. 

Jlonocotylcdonous stems liovo a less regular arrangement of vascular 
strands. Tlio leaMraco bundles pass independently into tho stem in a 
slightly downward eloping direction ond cross tho endodermis into the 
pith, then they turn slowly outwards ond downwards in steeply sloping 
lines, fusing eventually near the endodermis with other bundles much 
lower down tlio stem. One therefore finds bundles in both the cortex ond 

i; •“ ■ ' . ' therefore 

■ . «. * . • • ‘ . , usually 

connected hy inte:d&seicular coaihium, or a continuous even hand of 
xylem and phloem or a band of xylem ond phloem having projections of 
xylem — that of the primary bundles— -info the pith. In monocotyledons. 


Transverse sectionol views of herbaceous stems of angiosperms show, 
therefore, characteristic and well-marked differences both in the shape of 
their outlines, which may he circular, square, five-sided, winged, etc., as 
Well as in the distribution of the vascular tissues. 

Ihe endodermis ond the pith are the two tissues which still remain for a 
more detailed description. The endodsnuis is not always evident m a 
distinctly differentiated layer, but in most dicotyledons it can be recognised 
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niiiful thr- four TwiiM wilN ; thrt band U known ^ ibo cAT^irian strm. 
In imnTvep*'” #iciion« iho cA«p«riitn Mrip api^ar* rh r bright Biwt upon tno 
m'imJ wnIN iuhI rr'pond'* to tb** ImI* for suborin and ofti*n n1*o to tlicKo 
for lic'in. In tnany pUntu thp rndod^muil oclU contnin numormw wnnll 
rtArrh pTvin«. wliJrh fnay <li«ApppAr if » frp^hly cut upocimcn kept for 


ii» th** orlrmirhjTnA iu» in fryfftropht^m fptinrmsf op tho wIorpnchjTnft 
inny ♦l''Wlnpo«I M i*oUt<'<l rapn. ono over evveh proiip of primary xj*lom 
M In «w*tinA rirrn and in oruf-ilu ; or »clcr\-npli>’TnAfou« relU may 

l>o *^«torr«l rincly «p In rmall frroupB ttirouebout a thin*wn!I<vl pith m irt 
C*o*nnt«im II'affi^Aionum. 


ronlii'Ufn wuh anotlirr tj-p^ of phlonn namorl intorxj-lary phloem. In 
plant* l«r!onj:}fiu to th^ Ctjfurhil ace* thi* phloem occur* in nw**^ ench of 
whjfh i* ilje nitertul plilorm of a bjcollateml %*A»<n>Ur bundle. Many 
pl*iit«, limrrMrf, not Ably tbo*e lie)r>n|rin;i to the J^lanace!*', C<)n'*oKnlftce»', 
i^Cvtii»ertr. >tyrtA/v«se. ApK-j-noeese. A*rlej»iiwl»»cea', OentiAnAce.-n nn'I 
nopherbiAcete. nbcrw no mjrlj rrtmbtr APmnpemeTit, !*ut the pmup* of 
»ieve-|j»«ie nn* of variou* dirtyn^i'm* and occur at im-Rular InleraTvl* in 
tt>e^»-ri}.l>»Ty of the j^th. 

TliC OrJl« of *' 1 *' ' I" • ' ■ •' A A •• • I'. 

♦ rnueibij ,r- •• • - ..i 

rf tl^ •••mj of ■. • . I «' • 11 ••• •• 

in i b-d in tive pjth of l>eH»»|-«mA etem. in elu'ter cry kSaI* in the pith 
r f and in Jiinn* »« tb** ^4lli of An'twycApbi*. 


CUcsifleation of Zlerbs 
TbaBophyla 

•If/'T, Iil*d'!rnrr*cV. Crttmceen- 
Yciwt, Itrso*., PrtiktUmm. 

fMk/ftt Ireland M'W. 

Bfjophj^ 
itvn^ Fpbaenum 
Spmsiphyti 

(7yf%'M!,ipfmT. lIpSMra. 

A*.^.-ayrrr'.'T. 

r.e« ; Indutn IlrtRp. fmnd'IU 

N'-S rrt.n'"'^i Hrtle ; |ifr*iniluJa.I^>elii.n,irrtJ4. K'lpSerJiU 

IM U.IrfA, IVU* t'Cifta. iHt'JT'a, tlmbme 



25i 


EliTjnE OJIGANISMS 


BLADDERWHAGE. Fucua vesicolosas 

SoarC65. Bladderwrack, JPucug vegteuloeus Lmn., family Fucace®, is a 
sea^reed of the gtx3up Ph^plqrcens or browii seaweeds. It grows freely 
on the coasts of Great Britain and of the Atlantic Ocean generally, being 
found attached to rocks and stcaics botwooa high and low watermarks. 

Collectioa4 At low tide the entiro living plants are cut from their 
anchorage end dried. Plants thrown up by the sea are rejected because 
the cell-contents tend to diffuse out 
into the seawater as the protoplasm 
dios. 

Pescriptioa. Tho fresh plants are 
olive-brown and about 30 to 100 cm. 
long ; the thallus becomes cord-like in 
the basal part, but the upper parts, 
which are repeatedly branched dicho- , 
tomously, are flat and about 1*8 to 
2-0 cm. wide. The branches all lie in 
tho same plane and the thsllus is* 
thickened along tho central line, giving 
the aj^aranco of a midrib which 
bifurcates at angles of 30 to 40 degrees 
and oxtonds in a gradually tapering 
form into tlio apsccs of tho branches. 
The margin is entiro and waved 
because of the enlargement of the 
tlialtus at intervals by tho pregenee of 
ovoid oir-vesicIoB, obout 1 to 1*7 cm. 
in length, m p>ai«, one member of 
each pair on oithor side of tho psoudo* 
midrib. Tho tips of somo of the 
bmnehos aro enlarged to an ovoid 
ehapo from tho presence of numerous 
conccptaoles — the reproductive organs 
— embedded in the thallus. 

tVhen dried tho plorits become dull 
brown to nearly black and hard and 
brittle in texture; if allowed to 
become damp they are cartilaginous. 
The odour of the drug resembles 
that of seaweed and the taste is 
aaline, disagreeable, mawkish and 
mucilaginous. 

Constitusnla, Bladdorwrack con- 
tains a large proportion of a pectjc 
eubsfanco named aJgin or fucm, which 
IS tho ealcium salt of alginic acid. 

On hydrolysis alginic acid yields rhomnoso and fucose, which is a methyl- 
pentose. In addition tho dnjg yields 1’6 to 3-0 per cent, of ash in which 
zorhde-s, chlorides and broniides are prei5Qnt. The iodine m the drug 
amounts to about 0-04 per cent, and is warded as the important medicinal 
constituent. 

Alginic acid is prepared conunerciaHy by mocoroting seaweed in water 
and boiling the insoluble residue In a solution of sodium carbonate ; tho 
nlginie acid dissolves and is precipitated from tho filtered solution hy 
liydrochlono acid ; the precipitate js ivdispolvod in sc«la and the solution 
evaporated on glass plates ; it is used as a calico dressing and for thickening 
the colours used m calico printing. 




IRISH ilOSS 

VAfiPltPS Fucus serraiiw Lum.» also a common seaweed occurring with 

»n ” “oAy Acre, of G»at has " 

rvi.H no atr-vcsicle«. winUt Ascopkyaum nadojfum Linn, hob the vesicles 
hingle. The constituents of these seawcwls are probabty similar to tliose ot 

^ TlM.'^^Prcparotion.s of bladderwrack have been used medicmaliy to 
reduce obesity. 


t'lo. 100. ItiNh moss cruputj Three diXTorent forms of the plant, 

o.b.e; a nithc^stocarpsemboddcdin the thallua; naturolsize. (Luorssen.) 

QABSAOEEK. Choadnu •, Irish Uoss 
Source, etc, Irish moas, Chondms crUpus Stackliouso, family 
GignrtinacciP, is a e<«weo<l of the ^up Rhodophycea, the red eoawoo^. 
It IS widely distributed on tho northern eliorea of the Atlantic Ocean and 
abundant on tho coasts of Irotand and Scotland, growing from tliree- 
quarters tide level to below lowr.water mark. 

CoUecUoa. It » collected for modieinal use on tho north-westom coast 
of Ireland, tho coast of Bntlany, and of llaasachusetU in tho United 
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Statcj?. TIio is removtHl from tlio by raking. \Vlicu fresh it 

varioa in colour from greon to dnifc purjilo, but is bleachocl by OJcposing it 
to tho sun and ivatcrlng it, tho colouring matter, which is soluble in water, 
being partly washed out anti partly deetroyed by tho treatment. Tho 
blenching is said to bo completed by chemical moans. 

Description. Plants of Chondnti enspua oro from C to 10 cm, long, being 
attached to stones and rocks by tho corddtko lower portion of tho tliallus. 
Tho plant bmnclies very regularly to fonn a dichotomy, the ultimate 
ramuh being about 2 mm. wide. Threo types of plant occur ; in one the 
branches are all slender and olongntod in a second tho basal parts are flat 
and broad and tho terminal branches smaH and narrow, in a third all 
parts are broad and flat with very short and broad ultimate branches. 
In tho thnlhiB of many of the plants small ovoid swellings are present 
resulting from tho formation of cyatocarps, which arc tho fructifications 
containing spores. Often tho ejTitocarpa have fallen out, leaving corre- 
sponding oval perforations in tho ramuh. 

The drug, which conaists of tho dried seaweed, is yollowiah-white, 
translucent and iiomy, but cartilaginous when moist. It lias a slight 
otlour of seaweed nnd a mucilaginous, saline taste. A decoction made 
witli twenty times its weight of water solidifies on cooling to a Jolly, which 
18 not Btamcd blue by iodmo (distinction from Iceland moss jelly). 

Constituents. Irish mosa contains two poctinoua substances, one 
extractable by cold water and not jnolding a jolly when the solution ia 
concontratwl and cooled, tho other oxtrnctablo by hot water and yielding 
a atifl jolly m a 2 per cent, concentration, H>'drolj'8is shows that theto 
aubatances are colciuro salts of acid eaters of sulphuric acid, B(0.S0|.0)|Ca, 
the oiganic radicles yielding galactose, giiico'ie. fructose and arabmose. 
Tlie mucilaginous moterial obtained from Irish moss was fofmorl>’ named 
carragoenin. The drug also contains about 7 to 0 per cent, of protein and 
yields 8 to 1<J per cent, of ash in which small amounts of iodidea and 
bromides are present together with calcium and small quantities of sodium, 
potassium and mo^esium. 

Uses. Irish moss posse’jsoa domulcoiit properties. It has been given 
in pulmonarj'- complaints and for chronic dJorrlicea, and has been used for 
tho preiiaration of a nutrient jelly which, however, la not easily attacked 
by the digestive juicos at blood temperature* It is also employed for 
various technical purposes, such os calico dressing, etc,, as a cheap 
substitute for gum orabic for feeding pigs and calves anti os an emulgent. 

Adulterant. Oiffartina mamiiloaa J. G. Agordh, which is occasionally 
found mixed with Irish moss, may be distinguished by its stalked ej’sto- 
catps, as may olso Gigartina piaiillaia I#amouroux, but the latter ia a rare 
British seaweed ond its prosonco would indicate tliat the <lrug had probably 
been collected in JFrnnco. 

YEAST. Cetevisice Fennentuzn, Ftex MedicinaUs 

Sources. Yeast consists of uniwdiular fungi belongi^ to the genua 
Saccharotnyces, family Saccliaromyceteces, a aub-division of the 
group Ascomycetea, Several specie are used in industry, the most 
important being iS. cereeiaice Meyen emend. Hansen, S. carlsbergensta 
Hansen and S. monatenais Han^n, and of these there are several 
different races and strains. 

Cultivation and Freparation. Yeast is grown in saccharine fluids contain- 
ing suitable proportions of nitre^enous matter and inorganic salts. Such 
a medium is brewers’ or distillers* wort, which is obtained commereiaiiy 
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]>v KtccTiiiig mnlt or n mixture of malted and nomaUcil grain in ivater at 
W’lo OS'”. Thpjrflht iuRtUlcd to tlic liquor nt 20’ to 2.'*“ when it nuiltiphe^ 
ropidiy l>y procot*'* of gemmation or hmldwig. The yeast is skimmeii 
off from tbo surface, wadiotl m water and the liquor paswed through sieves 
(vTul after several more wasliings tho yeast is allowed to settle and is 
removed fiUor-presseB, thus producing the commodity known as 
compressed or bnkere' yeast, formerly often ilesenbed as Gennan yeast. 

Description. Yeast obtained by tlie process outlined above is a 
putty -like or somewHt crumbly maw b&ving a slight odour rMerabling 
that of l^r. It consists ol rounded or ovoid cells occurring either 
singly or in short chains, either straight or branched, which result from 
tiic process of raultipUcation by gemmation. The cells are colourless, 
about 4 to 7 to 0^4 iit diameter, and each lias a rudimentarj- nucleus 
consisting of a nucleolus associated with a nuclear vacuole in which 
there arc strands of chroraatm ; in the cydoplasm granules of glycogen 
and globules of fat occur. Cells which hare l>ccome dry or ilbnourishod 
may develop endosporcs, which aro apherical, and highly refractivo 
and form a group ol four m a single yeast cell. 

Constituents. Compix-s6cd or bakers' yeast contains about 73 per 
■ cent of moisture, 13 per cent, of proteins and 0*27 per cent, of oil 
ilie jx-ast plant forms a number of enzjTncs, one of which, tjinase, 
converts monosaccharides, such as glucose, into alcohol and carbon 
dioxide. Other cnzjines present arc invertase, maltase, diastase and 
endotryptaae Tlic proteins of >Tast aro partly free and partly 
combinw witli nucleic acid. The carbohydrate gljxogen, fat, ergo- 
Btorol end ijinoslcrol arc also present. 

Yeast Ls an Important source of vitamins belonging to tho vitamin B 
complex, including anourin hydrochloride (vitamin Bj), riboflavin 
(vitamin B,), nicotinic ocid (pellogm-nrcvcntivo factor), pyridoxin 
tvitamin li«l ami a little pantothenic aciu (cbick antidermatitw factor). 
Yeast yields about 2*75 per cent, of ash. 

Dried ye&st is a buff or brownidi pcfwtler obtained bj* drj'uig bakens' or 
JifeWcm* ycft«t at a tempemturo not cxcectlmg 30“. &omo \’arioties 
conswt of dcod ceU« arwl otlwr* of cclH in tl»o Testing stage s the latter 
may Tt^ume growth when placcil iimler BUilablo conditions Tlio cells of 
tlnwl yerwt may be loo'ioly (inT»ne.?4l or in small, more or less agglutmat«i. 
angular ma-ws. 

Umnl j'Mut comain* ftlwnl 0 tier cent of moisturf, 40 jvr cent, of 
}5n>tein». 30 ;|>i’r cent of cnrt>oby<lrotcs oiwl yiciUs about B 6 jjor cent of 
adi. It conlams llieKimo vitamins ns fn'sh ) eewt together with cholmo ami 
erpoj>lorol. 

Sior&fe. Dnetl y«vwt »hauM bo stem! in a cooj dry plaoo anti ma«t bo 
protected from thn acce*s of hglrt and motiture 

Dies. The chief wk* of yea.'it ts as a source of vitamin B. Dned 
YrMi is used tn many dietetic prcjuimtions. 

_ Adaltcrants. Blarch n»i! firmr sonw'tutx*^ «xcur as mliiitemntM o( yoa»l 
Yivwt thouW not contain nwro tlian b43 t«v«a yvt tnilhon of nr*cjw 

imoOT. Erjrota, Eri:ot o! Rye 

Source*. Krgol U the phsm C/<trsVp* jsurjwrra T«ila»ne, faniih' 
Hy j>octract'»>, in the acleroiiura atage, the condition ut sthich it j«ss« 
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the winter The nietiicinnl ergot w that formed in the dw.nsed ovary 
of tile rye, Stnth nnnh- lanii., family Oramineic. Kigot is ijn{>f>r(cil 
chiclly from Spain, Portugal, iWnml and 

Tlio lije history of tho fungus, which is oiio of tho A>>curaycot««, is hn'ftly 
os follows. In tJif) early summer, irfieii the lyo plants aro in flower, spores 
earned )>y tho ivifi/l lodge fit tho tjftiti of tho fU’oiy of tha rj'o flower flri<t 
gonninate. The hj 7 )h?D penetmto tho oi-ary wall and grow throughout 
the tissues of tho ovni^* nntil tho whole ha.s licen replaced hy tho fungus 
and becomes enlarged and Hpongj' at tho iiptier end, whore the protruding 
hjTihje obstnct numerous rfpore^. This condition is known os tho siilmcolia 
stage, during which t)in fungus Hoerotes a sacclionno fluid known as 
“ honey -dew.” Insects nro nttracfiul by tho ficcretion and carry away the 
spores to otlier lyo plants wliieli bcoomo infected with tho diseaso. Later 
in tlio season, n'l tJjo ryo npons, a donso coro of compacted develops 

in tho diaeascxl ovary and grenrs out so as to project from tho oar of rj'o, 
bearing at its ajxsx tho }iolo coJourctl remains of tho sphocolia stage. This 
hard structure is dark purpliih-brown oxtemaJly and is known as the 
BcJorotnim. When tho riponc<l ryo grains fall, the sclerotia fall with them 
and reznam m tho groun<l through tho winter. In tho following spring 
cac)i sclorotmm gormumtes and eonds out sovora! upright cylindrical 
stalks or stromata, each about 10 to 20 xmn. tong. Tho apex of each* 
stroma sivulls into a sphorical head, about 2 mm. in diamotor, m which aro 
ombodded n number of llask-sltapod cavities named porithccia. Each 
porithccium contains numcroiM elongated Aset or sporangia in ooch of 


. , • . now crop of r>'e, which will now 

bo at tho’ flowering stago. 

Collivation and Collection. Exporiroents in the cultivation of ergot have 
boon succoftsfully made both m Austria and in Australia. Ergots arc 
sown in boxes of sandy earth and aro exposed m tho open to the winter 
frosts. In tho spring tJiey gorminalo and tho ascosporos nro sown upon a 
mitriont gelatin in Petri dishes, where they germinate readily and form 
colonies. Tho colonies aro cut out and transfeirod to a fluid medium in 
iaige flasks, whom groat munbors of 8|»orcs aro doTOloped. The diluted 


Description. Ergohs are dark-purple to nearly black externally, 
about I'fl to 4 cm. long and 1 to 6 min. thick, fusiform or sub-cylindrical 
wth tapering ends, often arcuato and somewhat three-sided irith a 
shallow groove along each face; tho pale-coloured remains of the 
sphocelia stage ma resent at tho apex. The fracture is shorfanri 
the exposed surf - . ’fe or pinkisfi^^n shomng a few sliglitly 
darker Imcs radf the centf margin is purplish- 

violet Thetas? ■ ' ntandi^ d the odour is disagree- 
able and faint, ^ o intea rushing the drag with 

fi onofaca Thede t is about 1-02. 



s of a . iclyf^^forroed by tho 

d CO fungus, 

gjjg a 'fed show their 


I 
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origin from tho septato lij-phaa anangod more or less parallel to oue another. 
The walls and contents ot this outer layer are dark pujplish and change to 
blood-red with acjds and vrolet with alkah, a reaction due to aclererythriin 
The inner part of the sclerotium n of a tfimilar structure throughout and 
m eection tho cells are Email, obout 3 to 13#. wide, unequal in size, rounded, 
with thick walls which are very highly refractive. Between the ceils 
intercellular spaces are raro eJrcept in the CMitre where the cells are often 
coiuiected by short arms and spaces me present ; it is theso regions of 



Fto 107 l)rgot Claitt(p0 purpuna. ^4, ear of rye with ergots x f 
U, ergots X I, {\ Tranavenwty out sarfaco «f a scleratium X £. D, 
gorminaling ergot with stromsta X 1. E. transverse eectton of a 
sclerotmm x 250 F, surface of sclerotiinra x 250 G, longitudinal 
of Mlettituirn y 250 longitudinal eection of a stroma, ehowing 
peritlieciB rmlicdcifyl m tho head X 12 K, a perithecmm containing 
mvmriw* a«-i x 1 50, h, an osinis with fiianipntous nsco^rca X 


ii)r>ri> looM'Iy arrangfd colls which give the fippeomnee of itnrker rodialiug 
ImcM m the fmcturv<t surface, TJie contentH of the cejln consist of proto- 
plasm witli fixed oil and predwn forming an oil-plasina. Tho cell-walls 
ffopond to tho reactions for cintm. There are no crystaW, starch granules 
or spores. 

Note on CAuin, Chitinieod cell-walls do not give tlxi onliimry reoctiona 
fur cel\ulom« or bgnln or cutin. Tiny ^ssoh^o completely m eulphuno acid 
(80 i>er tent bj- volume) and are tOentico! with the sulwtanee of which tha 
♦•XoskWeten i*f ihhccIs is comimsetl. Cliitin is « polj-sncf!mn<le tlenvntive. 
tontaining ammo and acetyl grouiw. "WJien heated with concentrated 

»— a 
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cftustjc alknli at IIO® to 180* G. for about tljirty minutw it breaks down 
into ehitosnn and acetic acid. 

CliitoRftj), u'hicli H also kr)o^%*n ns myco^in, is ciocompoieti by strong 
hydrochloric acid into glucoanmino and flcetic acid, Chitin can therefore 
ho idcnliric-d by cnnvorting it mto chitoiuin and testing for chlto«»an by 
Banking It m lodino vrntor and fhon Adding 10 por cent. Kufnhurio acid 
when n <loop violet calorntioa is given to tlio ehitosnn. Tho chitosan will 
also diKsoJvo compluloly in CO percent, intncncid and tho chitosaii-introto 
can bo erj-stalhsod out in splicro co*8ta!9 which polarise with crossed aicols 
to show a distinct cross. 

Constituents. Ergot eontoins three crj’stallino atkaloldls, ergotoxine, 
ergotamino and ergometrine, all of winch are piipiologicaliy active 
and contract the ina*!clo of tho ntorua. Tho amount of crgotoxino 
present is about O*! to 0*2 por cent. AH three alkaloids nro converted 
by comparatively simplo treatment into inactive alkaloids namixl 
ergotinine, crgotamlnino and eigomolrinino respectively ; these 
inactive alkaloids may bo obtained during tho extraction of tho 
constituenta of ergot. All tlieso six alkaloids are derivatives of lysergic 
acid, allowing their close interrelationship. Ergot also contains 
tjTOsamino, luataniino and vetj* small ainountK of isoamyJamino and 
acetylcholine. The colouring matter present consists of a ri^ substance 
sclercp'thrin and a yellow body seealonio acid. In addition ergot 
contains about 30 to 40 per cent, ol fixed oil or fat wliich yields on 
saponification about 1 per cent, of sterols of which ergosierol is tho 
most important. 

A now alkaloid, ergosine, has been isolated by Smith and Timmis 
(1030) and ergotoxino has been shown to bo a mixture of throe 
isomorphous alkaloids named ergocristine, ergokryptino and ergo* 
comino (Stoll, Hofmann and Becker, 1943). 

Storage. Ergotoxino is a white crystalline substance and is rather 
unstable ; it darkens on cxjxxmro to air and light’ and it deteriorates 
in tho presence of moisturo and at a raised teinpemture. The oil in 
ergot, especially in powdered ergot, gradually becomes rancid, a 
change which is accompanied by a simultancons Joss of active con- 
Btituenta. Ergots, csIX^cialiy if they arc at all damp, nro also very 
prone to attack bj' moulds, mites and insects such as small beetles 
and moths. 

To keep ergot in good condition it should therefore be F\^rcd in 
containers which exclude tho light and arc wolbclosed ai ' - . | a 
cool, dry place. Tlieso conditions nro satisfied by the use of tins vith 
well-fitting lids or of amber-glass bottles with good screw-on bakelito 
cap.<< 'riio ergot so stored should have been prerioualy thoroughly' 
dried and must consist of midamagcd entire ergots. If pou'dered ergot 
is to be stored, the fat must first be removed by the use of a suitable 
solvent such n.s light petroleum. The containers should bo well filled 
and, as far as possible, should contain quantities which arc like!}’ to bo . 
used at one time or on a few occaaiona only, so as to a^'oid leaving tho , 
containers partly filled. Ergot atored as suggested will keep well. 

It has been customary in some u'arehouses to add some preservative 
to waul off the attack of insects ; camphor, clikuoform and a globule of 
mercury have been used in this way and appear to be effective. It is, 
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Iiowver, preferable to store ergot, if possible, trithout the addition of 
preservatives. 

fJses. The chief action of ergot la the stimulation of jdain muscle, 
especially of the uterus and of the arleriolM in peripheral parts of the 
body ; it is employed to excite or increase uterine contraction and to 
control uterine hieraorrhage. 

Substltules. Ergots are formed in the inflorescences of many grasses, 
some of the more important are : Ergot of wheat on Triiieum sativum, 
which is shorter and thicker than that of rye ; ergot of marram grass, 
Ammopftdia arundtnacea ; ergot of rye-grass, ioKum psrenne ; ergot of 
festuea, Festuca tiatiw ; ergot of oats, Avena sativa, which is black, about 
10 to 12 mm. long and 3 to 4 mm. thick and is u-sed in Algiers ; ergot of 
dtfis, Ampelodtsma tenax, which is spirally twistod and about D cm. long 
and cornea from northern Africa, 

Factitious ergots have been prepared by moulding ordinary wheat 
dough mto the form of ergots and colouring them extomallj’, which may 
be done by dipping the dough into red ink and then into black ink. 

PENICniilUM 

Soarcea. PemcllUum is the mould fungus Penkillium noiatum 
■\Ve3tUng, ft ** * -esof 

thefvsn^. • 'vxni 

growing up • . .*• _ • . 


lue ceJUiui pint uecoiuea ojuer, iructihcations are produced and the 
colour chatigea to bluish-green, due to the colour of the spores or 
conidia. The undersurface of the colony is yellow in colour. A colony 


i cMCMium JMMum giowa wen on an agar medium, such as nutriput 


V ui , water to I, two. Kome workers prefer to 

use a considerably larger proportion of phosphates to buffer the 
sotation and «> racraase tha vi.I,| ^ 

‘ ' «bout 5^t wide (i.e., 

tiristrf together to form a delicate wUte iSt OT™ycS‘™'’‘F rmS 
niy«Unm there ante vertical tailing hranches imoraas conidiopW 
Si? 6|t thick ai^ may be as lone as 0-75 mr*? tS 


gioup oi 
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metul® forma a verticillus (verticil) and the whole fructification which 
bears a resemblaneo to a camebhair brush or pencil gives rise to the 
generic name Penicillium from the Latin i>8nicillus, an artist’s paint 
brush. 

The arrangement and lengths of the branches of the penicillus and 
the diameter and shape of the spores provide details by which the 
liuraeroua species of Penicillium^ of which there arc nearly 700, are 
distinguisht^. In P. notettum the metul® are 3m to Cm wide and 
lOp to ; ' * ■ ■ ' • • , • r. 7 • • i 

long ; ' • • ; . • 

aomewi .... { 

P. notatum differ in the power of producing penicillin. Active strains 
deteriorate by continued sub- 
culturing. The dried spores keep 
well and show no deterioration. 

Constituents, It was noticed by 
Rofeasor Sir A. Fleming that a 
colony of P, nolalum growing on 
an agar culture of staphjjrlococci 


production by the mould of an 
antibiotic or Mcteriostatio principle, 
which Las been named penicillin. 
Penicillin is an unstable acid 
secreted by the plant into the 
culture medium and is usually 
obtained by the use of a fluid (modified Czapek’s) medium. Sodium, 
calcium and barium salts of penicillin are prepared and used for 
admmistration. A filtered cultiire ha.H also been successfufij' used for 
the treatment of wounds. 

CETRABIA. Iceland Slosj 

Sources. ’’ .- » • f--' Parmeliace®, 

IS a foHacec • • . . jly distributed 

over the n« , . ■ ■ i Sweden and 

CJentral Europe, growing usually amidst moss and grass on the lower 
mountain slopes. 

Description. Tho drug eousists of pieces of the dried foltaceous lichen 
about 6 to 12 cm. long with numerous ascending branches arranged in an 
unevenly developed dichotomy. branches aro thin, about 6 mm. wide 
and 0-5 mm. thick, and Irave spiituloso margin*!, that is, fringed with 
minuto projections, each of which bears a small spermogonium at its apex. 
The plant is opaque, harsh and qiringy to the touch, greenish-brown to 
brown above and greyish below with small, white, ovoid depressed spots. 
Apothecia are not uncommon and occur os dark brown marginal discs 
" ■ ••• , rr., .» — yjt 13 a iintcellular sub- 

. , . The drug is almost odourless 

• . two complex carbohydrates, 

lichenin about 40 per cent, and isolidienin aWut 10 per cent. Lichenin 
dlBBolvos in boiling water and the solution gelatinises on cooling and does 




Fia. 108. Penicillium nolalum, 
peoioiliua and siwres. x hW 
(after WeetUng). 



ICKLAND AlOSS 

lot Ctvo n Wuo colour with iodine ; isohchenin, ftl«o nnmed doxtrohchonui, 
H soluble in cold water nnd the bohdion gives a blue colour with lotlmo. 
On liydroli-Ni-f liclienin yields a^tucewe and i<«ciliclionin yicUJs roan*' , 
galactose nnd Klucfw. The drug oIko ccmtaiii" 

pnitocelmric ocM which • . • • • . ^ ’ 

cr^Ktpn ‘ : . 

lijih '• ■ ■ ■ ' . ■ ■ ■ • — * 

: to iO, jieltU on cooling, a jelly wluch h 
colou- . I-..UO by io»lmo a««d may bo thus dwtingiirditsl from tho jelly 
ohtoinfHl from camiCi*oii< 




I-’io. 100. lerlanil nw»» (CffiMPwi Katumlsisp. (Loenp^-n ) 

Tlw* hitieniosa of tlw <lniR con bo romowl hy soaking jt in n tlilnlo 
•xihitjon of sortitun hicorfionnio, Iml such projvimtitms aro merely demul- 
cent. Ikn\'i»g lieen tjppnvc*! of tl«>ir tnmo ^wo^v'rtu*". ami ftro iii» longer 
ro^hle of irirnwung tlie of t 1 i« stomach and IsiWel. 

uses. Icrhuid mt>M is uvulas a bitter stomachic ami tonic anti to yield 
A drintilrtsil and nulneiit jcllj' 


EPBAQKUU. Pest Moss, Bog Moss 

Soams. I'eat moM Cftfi»Ms irf x'nrious s{>cc(oa of iS'/i^iogwiTn 
fAituli Tls* j*n-f»-rtr*l for idiAnnAei-uticnl u-wi are th»* 

l'>T)C-«t»'Tnm»«l •Slew sorfi AS iN. IHith., .V. •MWerirsftirH Ne*-<*, 

.V. tKfiUj -Itum i'.UxU., Acvt .V. fu*putatx$m lanh. TIh-- are c.ill.vti'.t ..(t 
the ns-»r* of IMisjkliin*. Dtnnfni^^hirc. Atol tho tWteru IlighLunU 
t'j4is(mmn nv»«* t>cnir« thnoifflxnit tliie tinTthmi pi lernlly aikI 

oify-t Ate a1«i ci>««| tfi Otlicr rtitHUrtin 

OoJVcctieo lad Ttryifitioa. •fla' r».*-. n rrnvn'rsi from the 4,1 

ley. n gT*or, *i..l t>»e fcater H fpinn It , It »« Ilu-I* ■utrrt.l foil 

m> iliAi srurtti tlty Atr may jw** vvtr tt and render it air-fliy U eomj>let<*ly 
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DeSCtiptiOO. Sphagnum plants have alentler threathWcc stems, about 
10 to 50 cm. long, ^rhich bear small leaver and branches m gmups or 
{asides of thnHj to dreh’o at inten-ah of 4 to 6 inra. Some of t })0 branches 
of fflch group on* pcrulent, longer and flagelUlorm, others are upright, 
diveigcnt and rather stouter. At the apex of each stem the bmnehes aro 
crowdt'd together forming a compact head or capitutum. In soma of the 
capiUiU one may find firmall slema bearing chcstnut-brown, glolio^ or 
dhp^oidnl capsules, usually about 2 to 4 nom. long and S itun. wide. Both 
the mam axis and the branches bear leaves, tlioao of tho ams being colour- 
h'Rft and those of tho branches faintly green. Tho sltapcs and sizes of tho 
fnro of leaves are ibflcrent as illustrated in tho following particulars 
of the four namtsl rpecics. Bc« Fig. lOD 

S. cym&i/oiium. Plants about 15 to SO cm. long ; stem leaf broiully 
Itnpulate or broadly epalhulAto, 2 nun. long find 1 mm. broml ; brandi 
leaf broadly ovnto narrowing to a cucuUato or bood-sbapod apex, 2 mm 
long and 0 8 mm. wido. 

S. fuiiteuflrfum. Plants 10 to 30 cm. long { often red-broirii or orange. 
Hot rose i stem leaf o\*al-dohoi<l to oblong bngulato, 1 0 mm. long arul 

0 5 inm. broati ; branch leaf broadly ovnto to oblong lancoolato, acummato 
or obtusely pointed, 2 mm. long and 1 mm. brtwwL 

S. acuUfaiium, Plants 7'5 to 30 cm. long ; tufts soft, pink, pale green 
or whitish, male branches altraj's ro<l i stem, loaf triangular to hngulato, 

1 nun. long and 0-6 to 0 8 tom. trido at tho baso ; branch loaf oval to 
narrowly ovaManceolate, truncate and tootho<l nt tho apex. L to I 0 mm. 
long and 0 4 to 0-5 mm. broml. 

S (Mpulatum, Plants 16 to 45 cm, long, pale green or polo brown j 
stem I^af deltoid or ovato-tnangular, 1-2 mm. long and 0 8 mm. Wjdo at 
tho base: branch leaf lanrcolafo to narrotrl}* lanceolate, 1-5 to 2 5 nWTJ. 
lone and 0-5 mm. wido at tho base. 

• i^tology. Tlio leaves of both tbo Btesm and tbo bmnchM aro one coU In 
rhieknow throiighont. Tlio JcaiTS of tho branches aro composer! of two 
kinds of cells j the cells containing tUo chlotojdiyll oro very nnrrosv and 
are orronpsl in tlie form ol a aotworlt, each of tho mefthes of which is 
fillisl Ijj- n IftfRo sinuously r{mmbui<ta( nr elliptical cell, tho wall of which is 
stfx'itgthejiMl hy a loov'ly «j>iml llirwui of tliickcimig an*! has win or mom 
UrR" mmulfsl ^vrffiratjons. Tlie leaves of tho stem or main ntis aro 
comp'vst ciijimfy of hyahno cefls, possessing much fywor thicki'iaiig 
IhnswU and pm-s or entirely devoid of iJies** stniCture*. 

CotuUttleQU. t*i'5w»RTmm e<intAms a jdienohr sulistanet. imin <1 
rjiKrtcntil, to which Us nTiti-soplic proj»*'rty is ascn)»si. 

Bics. Mplingniim moss »s unsl for niAking absorbent dressings by 
enelmuig dcfuiite weights of nsose m mtisltn liogs of jwrticulnr sizi-* In 
the {..rm of e.HU'iitess.sl t-lus-t* it is asisl as ftn nly«»rls>iit inattn-vs to takw 
wj> iiniinTy «n«t rtmilar iliseliArp^i. fet nd>[t(tou to acting n< an absorli..i»t. 
It t« trg vnlisl as pis>i.w..ing antis/ptic prsip-rties. 


EPHBDBA, Epbcdnu Sla Btung 

Source*, elc. altlmugU nf teersit tiilrodiicliwi into rlimitxsvii 

»Tv-«beino J.A» H*.-.} tj» {Jiisrw snio. v^-ry ancient tmvs «nd.*r the iiiuno 
of \U IhiM.c It is d.-tu>il from J^pfiolru «n»>rt Ktmif. rouwf/nw 

u,.l,|M.,.u. in a, in.! t:. OrronlM,. W«ll. lo 

1. T.n~, <- r, 

" <" ll" fwMly 

t CeSftam mi rttpMiUon. „;,1 

»v,!Vv(/,| If, Ifi„ autumn and dtusS Ttuy nm mh.-r m 

wv», wl.i-n tl»^> an. unwlly nttoclwsl m grwi}». i« a nn-sll pution of iJt.* 






• « 



I'jo IIJ •-•vl ft ■{•} 

of t'KiiV •f*'! with • 

f’n*rt \n »!<<• «nl. » 4 *irnj4» |»iv»«\l*ir t>tvt *4 t>, n 

liTTk'l • 4 //, pltlilUlfl rf»*rf * 4 /*, fi»U trvil *•) 

lU> ft^lroSo • 4 f/. tr»n*>-Mw» arttKin of » Irfifc-t > |ja //. 

tnrVamo » IM. K. of » ftJfTtui » ffl nr, kiilUry' ♦}/x>t , 

t, lifllrt , W, bwrtool# , eu, nilttl*; <y, cj'tt'ilith v J(. Powri- i o. ov«n . 
oe. ov-uJo , M, ivnfwv*! *p. atiptUtf i n, »tyjr» ntu\ •ti*'Trt* j a an-l fi, «1/<* 
t«<> hT*Ct««<W 

or jwJnuitHy compoitml with llm'clraR<-t» ain! ■hortjj jx-tlolifo, 
o4cK lian two ainaU atiixiW , the !A»mua> lan<N'fkUto 

have entirr* fnftrj»lnt ftn<I are uBtuUy from lr» to ^0 tmit lotir^ and 
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2 to 4 mra. wide. The lower bracts are somewhat larger and resemble 
the foliage-leaves, they are palmately compound with three to five 
leaflets which are narrowly lanceolate, with serrate margins and acute 
apices, the central and largest leaflet being about 3 cm. long. In the 
axil of each bract are two boat-shaped bracteoles with acute apices, 
each enclosing a single small pistillate flower. The flower consists of an 
ovary closely enveloped by a membranous perianth, termed a perigone, 
and the ovary is about 2 mm. long and is surmounted by two long 
brownish-red hairy stigmas ; within the ovary is a single ovule. A 
few fruits are usually present, each being 6 to 6 mm. long and 4 mm. 
wide, ovoid vrith several longitudinal veins due to the presence of the 
enlarged, persistent bracteole enveloping the fruit. The single oily 
seed fills the loculus and contains a large embryo and a very scanty 
endosperm. 

Cannabis from America and Africa occurs as loose fragments which 
are less resinous than the Indian drug and therefore do not adhere in 
masses. Amongst the fragments all the structures descrihed above 
are to be found African cannabis is usually dusky green in colour ; 
American cannabis is usually bright green. 

All parts of the plant, but particularly the bracts, stipules, and • 
upper leaves, bear numerous hairs and large stalked glands, the latter 
secreting a quantity of viscid, adhesive resin. 

The drug has a heavy powerful odour, but is almost devoid of taste. 

Histology, The leaves and bracts have the structure of an ordinary 
doTSi-ventral leaf. The palisade consists of a single layer, rarely two, of 
cylindrical cells and the spongy tissue of two to four layers of roxmded 
parenchyma ; cluster ciyatals of calcium oxalate are present m all parts 
of the mesophyll. The upper epidermis has cells with straight anticlinal 
walls and bears unicellular, 'sharply pointed, curved conical trichomes, 
about 160 to 220^ long, with enlarg^ b^es in which ate cystoliths of 
calcium carbonate j it also bears numerous glandular trichomes of the typo 
described below. The lower epidermis bears conical trichomes which are 
longer^ about 340 to 500p. long, and more slender, hut without cystoliths ; 
it also has, especially over ’ . ’ ’ . ‘ 

a secreting head of about . . . ■ 

secrete an oleo-resmous flu 

as a delicate covering envelope. Some of the glands are sessile and others 
have a cylindrical, multicellular stalk, about 200/t long and several cells 
• • . . I ' ‘ ’ ' ■ • • ‘ ' ’ 3 under 

■ ‘ , H. 

, . ' ^ ^ ■ layers 

of cells, the lower hypodermal layer having a cluster crystal of calciiun 
oxalate in almost every cell. TTie under or outer surface bears very 
numerous glandular trichomes and also unicellular conical trichomes, which 
are numerous on the bulging part, but aro scattered thinly elsewhere. 
Abundant smaller unicellular conical lioiis occur all over the upper or 
inner surface. The stigmas have an epidermis nearly every cell of which 
is extendwl as a unicellular papilla about 90 to 180/i long witli a rounded 

^^10 slender stem axis lias well-developed bundles of pericyclie fibies 
behind the phloem bimdles ; there arc large laticiferous tubes in the 
phloem end calcium oxolate in cluster cij^als, about 25 to 30/x in diameter, 
m both the pith and the cortex. The epidermis bears trichomes similar 
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to tlioso of the leave-?. These laticiferous tubes are \mbranehed anti each 
IS formed from a cell in the growing jwint of the slioot and the cell eoii' 
Imually elongates ho an to keep pace with the growth of tho plant. 

Constituents. The resin has been obtained as a soft brown subatance, 
caimabinone, from which, by distillation in mcuo, a pale yellow viscous 
fiiibstance, cannabmol, which melts to an oily liquid when warmed 
has been separated. Cannabinol produces o pow^ul narcotic action 
and is beUeved to be the active constituent of the drug. On expostiro 
to the air it rcsinifiea rapidly and becomes brown. 

In addition to cannabinol and r^in, the drug contains the alkaloid 
choUnc and traces of volatile otl ; jt j-ie!^ from 10 to IS per cent, of 
alcoholic extract and about 15 per cent, of ash 

A diagnostic chemical test is to add a 16 per cent, solution of gaseous 
hydrochloric acid in dehydrated alcohol to a light petroleum extract 
of the drug. A red coloration appears at the junction of the liquids and 
after shaking the upper layer be^mea colourless and the lower acquires 
an orange-pink coloration, which disappeare on the addition of water. 

Another test is to extract >vith methyl alcohol, filter and evaporate 
to drjuess with a little sand, extract tho residue with light petroleum, 
filter into a separating funnel and extract successively >Tith 6 per cent, 
sodium carbonate and 6 per cent, sulphuric acid, wash with tvater, 
decolorise with animal charcoal if necessary and evaporate the filtrate. 
Add to the residue a few* drops of N^IO alcoholic caustic potash when a 
jHirple colour is giwn (Fahmy 1935, modified from Beam). 

Storage- IMicn cannabis is kept under ordinary conditions, without 
up'Cinl precautions, tho drug groduaUy detonomtes, possibly owing to 
the action of oxjnlascs upon the rosin. This dcteriomtion is well-known 
m Intlta and addicts to the drug rofuse supplioa which are older than one 
>ear. To avoiii the detrimental action of oxidation, tho drug tnu-st bo 
IlioroiiKbly dnoil and stored m woU-closcd containers. 

Uses. Indian hrmp acta upon the nervous eyatem, producing first 
excitement accompamod by hallucinations and afterwards lethargy 
and elrvp It is use<l a« a eodativt^ in mania and hysteria, as well as 
for spisroodic coiigli, nsthrna, neuralgia, etc. 

Other Products ot CanMbis eaiiva 

Shang con«iRl» ol the loaves and young tops of male or female plants 
colloclwl Kiwii and dneil. Most of it ts wnnX in India and Egj-pt for making 
complex elfcluariM anil for preparing; drinks by macerating the poundeil 
bhang in water. 

Churru* or CAnros w the rosin colloclod by beating tho pSanta on clotlw 
to which tlwrosmivihenw. It tsjnmftxl by warming and pressing through 
cloth to r<Tnn%-e vcg.-tabfp dibns. It is usually smoked or inailo mto 

{■n-iwimtioiiK 

Ifaathuth is a name given to the plant lUclf and also to on electiinn* 
mwlo by .{igi^lmg llio lierb in butter. U Is for producing an agn>-aJ)bi 
form of inloxication. 


QRIKDCLIA. Herba GrisdeUtD 
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of those plants aio cunoatc nnd Jess^ coriaceous tJian tlioso of 0. canxporum. 

Before tlio fbweihcada Gx]xtnd they secroto r Tvhho »tiek>* resin ; in 
May ftncl Junotlio whole plant is resinous, and then the leaves am! flowering 
tops are collected and dned. 

Description. Tho commercial drug consists of tho upper part of the 
flowering stem, together with tho ftoworheads and a few leaves. 

Tile stenja, often 60 cm. tn length, aro up to 2 imn. in diameter, yellow 
ernoofh, aub-cyhndrjcal and 2ia\*o a largo pith. They boar alternate, pale 
green lenvos, which, howovor, aro easily broken off, and therefore frequently 
hit looeo in tho iwckogo. Tho /cavea are oblong to lanceolato-spalhulato, 
3 to 6 cm. long, an acute apex and a serrate mai^in ; they aro rigid, 
buttle, smooth, and sometimes amploxicaul, and ha\'o a glabrous, 

romutoJy dotted surface. TJiB Jlou.'erheads 
are aub-conical, yellowish, hard and 
resinous, ond aro surrounded by four 
or fivo rows of lanceolato-acuminate, 
irobneatod, bracts with recurv'od linear 
tips ; tins recoptttclo is flat. Tiioy 
contain numerous compreasod fruits, 
each crowned by two stiff, thiefc bristles, 
and when mature is bi-auriculato or 
tnoTo meoly uni<iontato at tho sunumt. 

Tho under surface of tlio invoJucral 
bracts bears numorous oztemat glands 
which secrete resin ; there are also 
Internal schizogonous ducts which con* 
tain a similar, though not identical 
substance. Exlonm! rosin^glanda are 
also found on tho leaves. 

Tho drug has a shght odour and a 
somewhat Imlsamio taste. 

OWQSlitaejJts, T }>0 chief eoMtituonts 
of gnndelia ore amoiphous rosins (up to 
21 per cent.). Theso include a soft, 
greenish resin soluble in petroleum spirit 
and two dark coloured resins, one of 
which is soluble in other. To these rosins 
tho nctnity of tho drug appears to ho 
duo (PoxrerondTutin, 1905). Tho drug 
alw contains a considerable quantity of 
Z-ghicoee, twmin fl'G por cent.), and a 
tinco of volatile oil. It leaves about 8 per 
cent, of ash. 

Uses. Tho drug haa tho reputation of 
being almost a spocifio for certain forms of 
asthma, and has been reconunendod tot cjiatitis and catarrh of the bladder. 

BROOM TOPS, Cacumina Scoparii, Saroibamsi Herba 

Sources, Broom tops are tho young green twigs of Oyiistts Scopanus 
Link., family Leguminoaa!. gathorod m tho early spring before tfio plant 
has flowoic<l and usc<l esthor frosli or aftor caro/ul drying away from t)ie 
hg)tt. Th<i plant j.s a shrub gromtig to a height of 2 or 2 metres, tlie older 
parts of tlio stem being lionll and woody It is indigenous to Britain and 
occuis throughout temperate Europo from tho western coasts to Poland 
and Hungary. 

Description. Tho oans of tho young twigs is slender and fivo-angled, 



Fro U3. ^?n'ntfeha compenim. 
A, upper part of stem w/th 
capitutum. 13, lower fehego 
leaf. C, two bracts from 
involucre. D, two cypsolie, 
upper one from tho centre, 
lower one from the ra^, a, 
awn , au, auricle. A and JJ 
natural size. C ond D x 6. 




274 


ENTIRE ORGANISMS 


about 1 to 4 mm. in diameter, and has slight wings on tlie angles. The 
phyllotaxis is 2/6 and tire intomodos are from 2 to 10 mm. long. Tho 
leaves on tlio loWor part of tlio twig aro slioitly potiolato and tomato wdJi 
bmall oval-oblong lonflote about 6 to 10 mm. long ; those of the upper 
part nro simple and sossdo, about 4 to 7 mm. long, and lanceolate. Tlie 
leaves aro atf ■ ’ ’ * .t . . r frequently fall off 

during drying ■ ■ ‘ ■ The /lotvers. when 

present, are , • • . oy-liko odour, and 

are borne on . ■ ' ‘ t ‘ i ■ are monadelphous 

and the calyx is two-lipped, the posterior lip having two teeth anti tho 
anterior three teeth ; the style is curved to form a complete circle. The 
po<' • . * ■ • . • . 

dis _ . ^ i ■ , ■ 

Constituents, The chief constituents of broom aro a liquid volatilo 
alkaloid, sparteine, and a yellow, ciystalline flavono, scoparin ; in addition 
to these a ciystalline, volatile alkaloid, genisteine, and a non-volatile 
alkaloid, sarothamnino, Imve been isolated from it. 

Uses. Broom is used as a heart tonic and a diuretic in dropsy, but it 
ajipears to have but little action on healthy individuals. Sparteine 
exhibits physiologically a close resemblonce to coniine, but jt is much less 
toxic. 

Adolferants. Spanish broom, Sparfium JwKeum Linn., has a calyx 
with one lip only, having fivo email teeth and the stylo is bent, but does 
not form a loop. Tho pods are nearly glabrous. Tho herbaceous parts of 
Oayris alba Lmn., family Santalace®, have been substituted for broom 
tops ; tlio stem is many striated (instead of five-winged ) ; tho buds oro 
on the apex of an angle which forms a keel on the dorsal surface of tho 
bud (instead of m a channel between the angles) and tho wood is whito 
(instead of yellowish) (Farwoll, 1922). 

LOBELIA. Herba Lobelia, Indian Tobacco 

Sources. Lobelia, Lobelia infldta Linn., family Campanulacero, an 
erect annual herb, about 40 to (50 cm. high, with an acrid latex, is 
distributed over tho eastern States of North America, and cultivated 
for medicinal uso in the States of New York, Massachusetts and 
Michigan. The drug was » domestic medicine of the North American 
Indians, and was introduced into European practice about 1830. 

Cultivation and Collection. The drug is collected from both wild and 
cultivated plants. For its cultivation the soil is preferably a rich loam, 
carefully prepared and in fine tilth. The seed is sown thinly on tho surface 
of the soil in lines about 60 cm. apart and is pressed in firmly by placing 
a board over tho seed and walking on it. Sowing may bo done in autumn 
or spring, but autumn sowing gives tho better crop. The harvest is made 
when the plants are in flower and the lowermost capsules have become 
inflated. Tho upper parts of tlie plants aro cut down and carefully dried 
in the shade. The yiekl is obout holt a ton per acre. 

Description. The drug occurs as a mass of the dried aerial parts 
of tho plants packed somewhat loosely in sacks or as hard brick-shaped 
masses of chopped and strongly compressed herb, ^iTapped in paper 
and weighing about 250 or 600 gm. The stem axis is green to yellowish, 
usually \vith large purple patches ; in the upper part it has two to five 
^ving8 and is hairy, in the lower part it is channelled and nearly glabrous. 
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The l^ves arc Bcsaite in the Upper part and shortly potiolate below, 
they have a phyllotaxis of 1/3, and are fh« 

and about 3 to 10 cm. long ; the lamina ta irregularly toothy at the 
marein and beats scattered bristly trichomcs especially over the veins 
on the lower surface. The mflorescence consisU of several small 
racemes of email palc-blue flowers Each /fbu-sr which w a^ut 7 
long, has a short pedicel, an inferior ovary, five subulate sepals, a 



■tubular bilabiate corolla, which h split nearly to the base along the 
central lino between the two erect posterior lobes, tho anterior hp ha*? 
three spreading triangular*ovate lobes. The five stamens are eyn- 
genc-^ious and each has a tuft of tricbomes at tho apex. Tho/rarf Is an 
inferior eap-JuJo alwwt 7 ta S mm. long, olm-ate. Kith two heuli 
contftming al>out r»00 mimrte fseeda , it w inflated aiul dobiscca by two 
IXHVH in the summit. Tlio pericarp is merahranoiw and luw ten nhs 
which arc connected by numerous honzontal vcinlets . the aepaH arc 
peraistent. The seeds aro about 0 6 to07 mm. long and 0 25 to 0-3 ram. 
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^rido \ they arc rod-bro^n and covered vnih fine cloncated-polvconal 
reticulations, boo Fig. 115. 

Histology. Tlio upper intomodca of tlw stem have six rounded angles 
two to five of wliicli may carry xrtngod outgrowths of the cortex ; the 


Bgg«»ggyl» 




Fio. lie. LobtUa infaia. <4, disgrammatio trsna%*erfte section of the «tem 
X 20. B, diagrammatio trana^'orse section of the leaf x 40. C, trans* 
verso section of the lamina x 200. D, upper surface of a tooth of the 
leaf-margin witli Tcater-porcs, «>. E, transverse section of the outer part 
of the stem x 160. T, latictfeious \-eaaels, isolated by caustio potash 
X 200. co/. collenchyma ; ct, cortex j cn, endodennis ; ep, epidermis ; 
I.V., laticiferous vessel ; m, pith ; tn.r„ medullary ray 5 p, pericycle s 
jjal, palisade j p./., pericj'clio fibre ; ph, phloem ; e, stoma ; tr, trichome ; 
tr, water-pore ; tejj, wing ; *y, xylem. (E and F after Greenish.) 

pith is large, occupying about one-third to ono-half of the diameter of the 
Btem, consists of lignified, thin-walled parenchyma with simple pits. 
The epidermis consists of axially elongated cells, it bears trichomes similar 
to those of the leaves, but reaching a length of 1,200^, oncl has stomata 
oriented parallel to tlio axis. The cortex is 100 to 200>i wide and consists 
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of round-ceiled paronehjTna ; the endodsnms is well marked, consisting 
of rather large cells with an obvious caspnnan strip. Tho phloem is a^ut 
60^ wide and contains a cyUiidrical notwotk of latieiforoius vessels. Tho 
leaves are dorsiventral, Iioving a pnJisode of one layer of rather "’*de» 
cylindrical cells. All cells of tho mesophyll contain minuto droplets of oil 
and in some leaves numeroua small rod-shapod crystals are present in 
many of the colls The upper epidermi-s ia papHloso with nearly straight, 
beaded anticlinal walls and a striated cuticle ; stomata are absent except 
on the teeth, each of which has eight to twelve water-pores, some of them 
being on the edge. Tho latieiferoua tissue is well {lovelopod in tho phloem 
of the menstele m the midnb. Tlio triehomes arc scanty on tlio upper 
surface end more numerous on tho lower ; they are imicellular, occasionally 



biccilular aird uniaenato, conica!, about 300 to OOOfv long ai«l 50 to OOu 
wide at tho base, with hgnifled walla and a longitudinally stnatod cuticle. 
Thopou'crs have a corolla with apapillose upper opidermis and anthocyamn 
pigment in tho cell sap; tli© Btanuens have an apicol tuft of narrow 
cylindrical trichomes, about 3(% lo5»g» \nth rounded apices ; tlie pollen 
groins are sub-spherical with o faintly warty outer surface and tliroo pores 
tlioy aro about 20 to SOj* in diameter. Tho pericarp of tho/rmt haa well- 
developed irrcBulnrly sliaped ligmfied idioUasls in tho parenchyma, 
especially beneath tho veins and m the disaeptraont. Tho seeds hovo a 
charactcnstic epnlcnnis of elongated-polygonal, tabular colls about 
lOO;* by 25>i, with ligniRoU and tluc^cned antichnal walls. 


Tho drug has a Eomewliut irritant edour. and, when chewed, an 
unpleasant, acrid, burning taatc. 

It h Mid that tho plants are eometimea allowed to mature their 
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seeds and are then thrashed, the seeds being sold separately, whilst 
the herb is pressed into packets. This would account for the absence 
of the iloaers from some specimens of the drug, and for the presence 
of mimorouB capsules hut comjjamtively few ripo seeds. 

Constituents. Five crystalline alkaloids have been isolated from 
lobelia. The chief of these, lobolino (Cj,Hj*OjN), forms colourless 
crystals, m p. 130°-131°. LolieUdine (CjikuOjN) hn.s been obtained 
in prismatic crystals, ni.p. IOC®. Jx)belflnrne orystal/wes 

in rosettc.s of needles m.p. 99® and is converted by reduction into 
lobelanidine which crystallises in large colourless prisms 

m.p 150°. Isolohclanino (CjjHjjOjN) forms large crj'stals m.p. 120° 
(Wieland, Schopf and Hernisen, J92.5). 

Uses. Lobcline has an action closely allied to that of nicotine; 
it first excites the nerve-cells and then paral^Ties them. The drug 
relaxes the bronchial muscles and thus dilates the bronchioles ; it is 
given in spasmodic asthma and in the d 3 ’ 8 pna>a of chronic bronchitis ; 
it is expectorant and diaphoretic. I^argo doses produce vomiting, and 
may cause collapse through medidlniy paralysis. 

CHmETTA. Chlrata, Herta Chirettffi 

Sources, etc. Chirotta, Stveiiia OhirOta Hamilton, family Gentianocote. 
is f ■ ... • ..«•>»*.» -v— .* ^ metre, indigonou<« 

to M Jong b^n usfe<l by 

the mcKlicino till about 

J830. The entire plant is cotiected xrhen the Sowerin^ is well ndvnnced, 
ond made into bundles about a metro long, weighing nearly o kilogramme 
oaoh, wliicli are often compressed for e.xportntion. 

Description. The stem, which attains about 6 mm. in thickness, is of a 
yellowish-brown or purplish-brown colour, globroiw, and slightly winged. 
Tiie lower part is rounded, and oxlu'blts, when cut longitudinaUy, a narrow 
wood enclosing a largo, contiiiuo«.s, easily separable pith j the upper part 
of the stem produces in the axils of opposite leaves numerous slender, 
elongated, decussate branches which ramify further, bearing niunorous 
fruits and occasional fiowers. 

The few leaves to be found ore opposite ond sessile, ovate or lanceolate 
in outline, acuminate, entire and glabrous. The fruits ore bicoipellaiy, 
superior, ovoid ond pointed capsules, unicellular with numerous seeds, 
which are about 0*37 to 0-64 mm. long ond O-IG to 0'46 mm. wide, irregu- 
larly ovoid and finely reticulate. 

The t apering root attains about 10 cm. in length and 12 mm. in thickness 
at the crown, and is frequently oblique. 

The drug has no marked odour, but all parts Jiave an extremely bitter 
taste. 

Constituents. Chirotta is soid to contain two intensely bitter principles, 
ophelic acid ond chiratin, both amorphous or indistinctly crj'stalline yellow 
substances. Tannin is absent. . , . . , 

Uses. This drug, which has bitter ond tonic properties, is highly 
esteemed in India ond much used ns a tonic. In this countp^ it is now 
but seldom prescribed, probably on account of the very disagreeable 
nature of its bitterness. 

AdtfiterantS. The name chirotta being applied in India to a number of * 
bitter plants, it is not surprising that other more or less similar bitter 
drugs ore occasionally mixed witli or substituted for the official chiretta. 
Sometimes, too, plants that resemble true^ chiretto in appearance but are 




Fjo, 118. ChireHa. A, tvo oppo»ito 1«av«« and part ot tho in^fewence. 
2J, pistil of thn flower- C, fruit with persistent calyx. D, transverse 
section of fruU. E, eeeda X 20. 


sincioH of tlio snmn genus ; tho oj>po»ito loavew and biwtrix'Hary, unilocular 
fruits, from plauta bolonging to fanuliew not possessing those oharactorn. 

Jnpnneae Chirefia, lirriveil from S. ehintnaia Franchet, is ft much 
smaller plnnt ; the stem varies from 10 to 35 cm m length oml 1 to 2 nun. 
m tlueknf>s.s, and is brtnni or purpltsh*brown ; the toot 13 straight or only 
slightly ohhfjuo ; it yioUls more alcnhohc extract and is moro latter tlian 
F. Cfiimia. ft contains ft ciystftKme gluccMiflo, ewcniianiarin, yielding by 
hjilrolysis with emulsin eiythroccntasuia and glucose ; it also contains 
crj'BtAlluio tasteless Bwertie acid (Koryemo and Matsushima, 1027). 
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EUPHORBIA PHiULIPERA. Herba Euphorbiro . 

Source, etc. Tho herb Icnown in coromorco ns Eupliorbm pUaVifora w 
derived from Euphorbia htria Linn., family Euphorbiaccaj, An annuAl 
liorb indigenous to tho hotter parts of India and occurring in all tropical 
countries. Tho whole of tho oorial part of tho plant is collected whilst 
flowenng and fruiting, and dried. It is oxportod chiefly from India 
Description. 
tho young upper 
With short curv 

Tho leaves aro from 2 to 4 cm. long, opjKjsito, oblongdancoolato, shortly 
potiolate, minutely dentate or sorruloto and imcqual at tho base. They aro 



Flo. 119. Euphorbia pilulifera. A, upper part of stem with IeB\*es and 
axillary inflorescences, natural size. D, fruit X 12. C, base and side 
view of seed X 20. (From Phann. Jovm.'i 

dark groen in colour, froqui • • > 

and lower surfaces are hair; ■ • ’ 

or terminal cymes about 1 • • i 

throe-celled capsule, about * . • 

being distinctly heeled, t. • ■ . ^ 

transversely Tprinkled seed. 

Constituents. Investigations have failed to isolate any particular 
constituent, although it is believed to contain a poisonous glucoside. 

Uses. It has been recommended for ostlima, bronchitis, hay fever, 
whooping cough, and other affections of the respiratory organs, but has 
never come into general use. 

belladonna herb. Folia Bciladonnse, Belladonna Leaf. Deadly 
Nightshade Leaves 

Sources. European Belladonna herb consists of the fresh or dried 
leaves and flowering tops of Atropa Belladonna Linn., family Solanaceaj, 
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an herbaceous perennial growing to a height of nbout 2 metres and 
indigenous to central and Routhom Ettrope, na well ns to tho southern 
counties of England wlicro it groa^ ospcctally on chnlk>’ bojU. usually 
on the outskirts of woodland. Belladonna i<* cultivated in England, 
on the European continent an<l in tl»o United States of America. 
Considerable {iuantit5e.s of the dri«l dmg are imported into Britain 
from abroad. 

Caltivaiion and Collection. Swt i** oWamwl eithor hy cnwhmg the 
berries, allowing to ferment for about three ilays and wa-^lung tho nofxU 
clean with Water, or tho fmita may be dnwl by Bprwuimg them on fiioves 
in Augmt or September ami turning froquently during fifteen to thirty 
tiaj-s. Tho dty fruits arc broken liotiTOcn tho fingers ami the whxU jmssoil 
through a 8^e^'e which retains tbo pulp. Hio aee<l may be aown m the 
Bpnng in tho fioUl or it may bo gormmfttwl in frames m Janunrj' or 
February and tho plants sot out in tho liohl in April. Germination is 
assisted by exposing tho soakwl seeds to t«mporft(uro of about 0’ 0. ui ft 
refngeratof for a week fMehnlle, iOil). Thu »-e«llings nro sjmcwl ftlxmt 
43 cm apart awl m tho following September the fiwl ootloctuiu of <lr«g w 
made by cutting oil the ent iro io^h of the plants, m Inch aro now thin tied out 
to I metro aiwrt In the second year threo «r four Htems arc thrown up 
from ench'root-stook and loa\*es are collect eil in May, when the first flowers 
aiv appearing, by cutting <lo%Yn the plant* to about 8 cm. above tho Mji). 
Fresh stem* arise and yield a soeond Abundant crop about tho nuddio of 
August ; this crop is gonertvUy richest in alkaloid. In favourable sotwons 
a third crop may bo taken in October. Tho thirtl year yields similap good 
crops, the plants now being at thoir best. At the on<t of tho third year, 
plough up tho roots, collect. xeasU and dry them - Thoy are eometimoR 
allowed to remain for a fourth year, at tho end of which the roots aro 
ploughed up. Tho reaping of tho foliage is done with a scythe or ft billhook. 
Famiyard manuro is s“ory successful to improve tho crop anti super- 
phosphate ami nitrate of potasiium or sodtura aro useful chemical manures. 

The leaves are strippotl from stems over 6 mm m diameter nml together 
with tho smaller eteras With thoir attftchod IcAv'cs atul flou'ers aro dried Rt 
about 40® to 60® O in a dark heated tlryuig-shwl, tho oporation being 
conducted os rapidly os possiblo. In about foriy-oigUt hours tho drug is 
tiiy and shoukl have a go^ green colour. On tho European continent tho 
leos’es are often dried in. woU-ventdated bams by hanging tlio plants m 
bunches or spreading them on hurdles. 

Plants attftckerl by tlio fungus Phytophthora BeftaJontun should bo dug 
up and burned A nmall fL?a-bootlo, E/ntAnx atropix, also attacks tho 

leavesoahngthemawey tilllittlomoro than thosrems 18 loft. Thispostisbest 

controlled by taking two or tbreo crops cncli year rs described above, when 
tho plants will bo kept clear of beetles which attack ohie^ tlio older loaves. 

Description. The drug consists of tho flattened or curled and 
twisted and often mucli broken leafy branches bearing floivers and 
joung fruitR , stems uhich. when dry, exceed 5 mm. in diameter and 
have leaf-scars covered with a brtnvn absciw? layer of cork should bo 
excluded from tho drug. The tien axis h green to pnrplisb-grsen, 
flattened with one or two deep grooves duo to shrinkage 
while drying , it bears Icaf-scara in an alternate arrangement and 
has a few trichomes which are most evident at tho nodes and on the 
most slender stems Tlie larger pieces, 5 mm. or more m diameter, have 
numerous small broivmsh prommencM, The centre o! the stem is 
occupied by a large hollow, stifrontided by tlio scanty remains of the 
/ 
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pith, oulsido wJiich h a nariow cylinder of xylem and a stil! narrower 
ono of bark. Tbo younger atoms show at each node a pair of leaves, 
one largo and ono email, and also a flower or young fruit. This 
nrrangomont ia duo to tlio cymoso branching of the axis to form a 
eincinnus and to the nditation of each bract to its aj^ary branch tip 
to tbo point triioro tbo mxt branches aem. 

Tbo leaves are ovato to broadly ovato, about 0 to 10 cm., sometinics 
up to 20 om. long, dull yollowiBU-greon ; the lamina is siraplo, entire, 
«<'arly glabrous, with an cnllro margin, an nctiminato apex, nn actito 



Pio. 120. BoUadonna, 1. Habit sltetch of o flowering top (partly after 
Gtocniah) X j. 2. Transvorso section of lamina of loaf x 160 (after 
H. Gram). 3. Cotolla of flower, openod to slioir staniena, x b Young 
fruit X i. cr,idioMastwjtliroicr 08 phonoidalcryBtala; «„ uppot epidomiis; 
e,. lower epidono IS , A., gl^idufar trichome , p.paitsttan. 

base whoro tlio lamina is deciimjnfc ; the secondary veins leave the 
midrib nt an angle of about 60 degrees and curve upwards as they 
approach the nmrgin, near whidi they anastomose by o series of 
arches ; tha petiole is short. The IcAveg are thin and brittle and wheji 
broken across, small white points are ‘ edge duo to the 

presence of colls filled . • jcb also give rise 

to ’ ’ ■ ’ ' « ■» ' * *1 lamina, 

T! ■ ■ : • ; . • . ;„..g and 1-0 to 14 cm. lyidc, 'Vith a 

curvi . ‘ tiUii show the typical solanacoous structure. The 

corolla is campanulato and livid purple when fresh, but bro^mish '^hen 
dry. The young Jruits are sah^fipherica} berries, green when fresh, 
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about 3 to 10 mjH. in dUvmctor ami Burroundfa by the inicnor, 
j)Cf8istcnt find pomowhnt onlMgrd calyx with Rente leafy Jobr% . the 
fruits tlarlcen on dryinff. 1'he riiv fruits arc very Huecuient, «mU- 
aplierical bemes, pundisb-l^lack «n«l nhoul 2 cm. m duvmeter. 1 o 
berry U bilocular ami contains numerous sitxls altnchcd to an niilo 
placenta nml embc<Wctl In A V'dpy ,, 

Tlje arc ycWouidi-browii. about I “ x I S x 10 mm., oblong. 
Tcniform tritb a sligUl point al one end. when' the hlluin nnd nneropj le 
are situated. Tlje surface has iwlygonal rcliculaliom. -with almost 
straight edg,>s and aUnl 0-1 mm. in tlmmeUT . immature w-eth may 
have uuvy wigew to the rctlculatioiiR. 

Histology. 5rrm ; tho cpidcmukl cells am slightly clongalwl axially and 
tbo trielieme^ and stomntn. wlueti Rn« not mimeroui. ri*sembU» ««►*<• oI Hh| 
I. af ; tho cuticle is lonRitu-Unatly struile.1 ; the certe* of mim<l'sl 



Fia. 121. Diagrota^ sboH-mg vrin-t'4«ts and disiributiim of cr>«talt tn icavTn 
or belladonna uid ofatr^nonmm. Both x S5. 


parcinchjTna and has scattered hHoblosts mth fian<iy microsidicnoidal 
calcium oxalate, tho ondodcimis contAina sUirch. Tlxo ixjricyclo consiata 
of one Of two layers of paienchyroa and lias a fovr jwcicyclic fibres cither 
iaolatod or tn STnal] groups of two to four. Tho phloem is narrow and tho 
xyjem Jias largo reticulate vessels ond abundant fibres. Pcnmedullary 
pliloem of supeniuroenjry strosulH ia present in a pith of rounded celia 
amongst which ar® idiobtasta iiuoUar t* thouc of tho cortex. Leaf j tlio 
epidermis consists of tabular cells liaving a striated cuticle, amuous to 
nearly straight anticUnal walls and beating simple four* to fivc-colled 
uinsenate conical tneliomes with a smooth cuticle, 150 to 250 to 300>* long 
and 1 5 to 40 to 70fi wide at the base, and glandular tricliomes, sorao short 
and cla\-ate, 70 to 100f< long and otliore longer unLierialo with a Bjihorical 
unicellular heail, Stomato «iy- crueiferoun amt few, about 8 to 10 to 18 tmt 
square radlimctrc, on the upper surface, but numerous, about 160 i»cr square 
nuHimctre. on the lower. The stomatal mdox for the lower surface is 
19-5 to Sl'O to 24, (Bowson, 194X) Tlte mesojdiyll has a eingle layer of 
palisade and lu the spongy parenchyma are occasional rounded idioblaats 
containing sandy microsphenoidal crystals of calcium oxalate, mdividual 
crystals being I-S to 7ft across. Tho palisade ratio h six to eight, rarely up 
to ten, and never smoiier titan five. TlieEQejwteleof tho nudrib la aurrouniiod 
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by fjnlodoiftii'J co/ilnmuig «tnreh nwl llieie am HUj)oniuj)>f'Jfuy gjo»i>i of 
I)h]oom on tho ujjpor flido. T'lttvxm tlio jiotnls am redilpJHsl by cliloml 
Jiydroto nnfl t}io innor opidom>is of tbo corolfa popHIorto in tho iJpjHjr part 
and bunrs tridio/nc'* on tbo bn'wtl ixirt xvJicro tlio fifflinentH nro odiinfu. 
Tlio outor lipidorrnw of tbo corolla Iios colIn with wavy nntich'nn! walh and 
bcare nmnojous trjc)»o;nca with imiseriato Ktalka and citiier a unicoJlular 
spboricft} Jicnd or a ron* of two to four moro or Imh globular bcciDting colN. 
Tlio pollo/j gmina nro wubaphoricah 40 to GOfi in diameter, with three porea 
from wliicli splits in tlio oxtno extend nearly to the poles, the exino Jms 
row8 of fino pits rntlinfing from tho poles to the equator. TJio epidermis of 
tlio fruit consists of poJj'gonnl cells trith straight anticlinal walls and has 
stomnln nenr the npox nnel base, but almost absent olsowhcrt*. 

Varieties, Indian Belladonna Herb ia derimi from A. ncMTOmofa 
and closely resembles the Europenn drug. Tho jenvos aro pale green, 
oblong-cllipticftl and toper /it both tho apex and haso of tho lamina ; 
it is, howoror, posaiblo to find leave.s from both plants, which are 
jndistinguiahable. Tho floTrere of A. aaminata have yellow, /unnei* 
shaped corollas. Tho fruit is simHar to that of A. belladonna, but is 
sliglitly conical at tho apex. 

Conriituents. Tho chief conatituenC of the drug is tho alkaloid 
hyoscyainino. Small amounts of hyoscino, from about 0 to J I per cent, 
of tho total alkaloid, are also present. Atropine is absotil from samples 
consisting of younger leaves and generally from drug collected not 
Jator in tho year than August. Drug consisting of older leaves may 
contain atropino to tho e.xtcnt of about C to 40 per cent, of the total 
alkaloid. (Bowson, 1045.) Good samples contain about 0-4 per cent, of 
total alknio/d, but ns much as J per cent, has (c.xceptional/y) been 
found. Tho alkaloid is contained in all jiarts of tho plant ; in tho 
calices and young ovaries 0'70 per cent, has been found, m tho rii>o 
seeds 0*83 per cent,, in the root 0*5 percent., and in /re.sh fruit 0*12 i)or 
cent. ; in the leaves it occurs /n all tho parcnclijuuntous cells, but 
particularly in tho.so of tho lowr epidermis. The volatile bases 
pyridine, N-niothj’lpyrrolino, N'mcthylpyrrolidine and a diamine aro 
also present ; they aro theraiKJUtically unimportant, but may vitiate 
assaj’s of belladonna unless driven off by bent. 

Belladonna leaves also contain a fluorescent substance, ^-methyl- 
fcsculetin (scopoJetin, ebrj-satropio acid), and yield about 24 per cent, 
of ash. 

Adtilterations. Sovcml Icavea hnvo been usod as adulterants of 
belladonna ; tho following occur from time to time. 

1. Loovos of Phytolacca dtcandra Ltnn., tho Pokoweod, famils' Phyto- 


nnd tho stomata aro ratiunctthtci’ous. 

2. Leaflets of Ailanlhua glatidulosa Deal., tho ti-oo of Iicavaii, family 
Sixnonibnco®. TIjoso aro triangular ovato witli a shatidy aeuto ojwx; 
both surfaces aro pubescont with whitisJi tricljonies rriiieli aro iinicolhilai', 
rarely bicellular, hgiiifiwl anti sborpJy conical with longitudinal striations. 
Tlio cuticle has very wolbmarkotl striatioiis. Cluster crj'stals of calcium 
oxalato occur near the veins and tho stomata aro ranuuculacoous, soo 
Fig. 122. 
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3. Leaves of Scop^lh enmioKco Jacqoin, family Solanacoau, aro rothor 
moro lanceolate and tlunner than boHadonna, but arc so closely 
as to be in^Ustmgcd^hRblo with certainty \rttlvout the microscope. They 
have* ecatierwl glandular trichwnes hka tlio clawto ones of bellaflonna 
but no coveting ttichomes ; they also have cutieular striations and eandy 
microsphenoid troll as a fow clusters of cftlcmm oxalato; m nil thoso 
features they resemble boUndoima. Tho onlj' rohablo choroctor to 
distinguish Scopolia loavea is tho palioado ratio which is throo to six ami 
very rarely over whorooa tho figure for bolladonna rt to ^n. In 
most samples the fruits are present and nto very characteristic, tho fruit 



Fio 122. Ailanthtu ep. A, leaflet x } B, under epidermis of leaflet 
C, upper epidermis of leaflet. Band Ox 175 c, scar left ty trichome . 
er.clustercrystalofcalciurooxolato, fxrf. palisade, «, stoma; f.tnchome; 

V, vesaeU. 8ee also Fig, 29, p 105, 

being a eub-sjdiencal pyxis surrounded by tho papery, veined calyx. They 
contain hyoscyatnine and acopolamme, about 0*6 per cent. 

4 Leaves of Dalura Stramonium L.inn. end of SiAanum mgnttn are 
sometimes substitutefl for belladonna tea\-©s. i,ec pp. 2S<J and 288, 

Uses. Belladonna acts as a local anscsthetic and anodvne, and is 
used externally to relievo pain. Inten»al\v, it j 3 given to check tho 
sweating in phthisis, as a sedative ta the respiratory nerves, to relievo 
spasmodic cough, and m numerons other cases. 

STRAMONIUM. Folia Stramonil. Thomapple Leaves 

Sourcw. SttatUQuiutn^ con&ssts oE the dneil leaves and flowering 
tops of Datura Stramonium lann. and Datura Tatula Linn , family 
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Solanacece, plants indigenons to the shores of the Caspian Sea and 
believed to have spread throughout Europe about the first century 
A.D. D. Stramonium is now common, throughout Europe, Asia, 
America and South Africa, occurring as a weed growing in waste 
places, at the edges of roads and on rubbish heaps in the warmer 
districts. It is motivated for tbo production of the drag in Southern 
England, and in Germany, France and Hungary." 

Cultivatiou and CoUeetion. Both - closely 

similar c.— . • . 

- • ■ veins 

t ’ -.4 * 1 * rows 



Fia. 123. \ .A mature 

1 ' 4. Traos- 


1 metre apart, the plants being thinned out to alwut 60 .cm. aDai+ »” 
lows. Abxmdant fannyard ' 

be about 1 metre h 

October. The firs ' • ■ - -j -w-iuovmg the lower 

leaves about July aiivl me mam coHectioa of the upper flowering stems is 
mar).. ‘ " 10 cm, long, 

. . ■ t is dried ns 

. . , , piocess which 

leiiUires about forty-eight hours. 

Description. Tlie drag consi.'d*' ^ •* ' 


Hoout lU to no cm. ■ 
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,rith Bn»n tegular dentatiom o» tha lota, "“'‘j 
secomlary- vcms are three to five on ench side of the mtdnb, which 
ttoy leave at a narrow angle ol alwnt 45 degrees and run mto the 
acute ante of the lota. The shranken rtciM arc much curv^ a^ 
twiated! tongitudinalls grooved and marked by nnmerona cteed 
tramverae and longitudinal wrinklings ; they J;’™'’* 
dichasM cyme in which each bract w displaced by ndiution to the 
asillati- shit op to the point where the next branches anse. Eloweta 
and ySmg fruits are attached by short precis at the forl“ ‘I** j 
the ftowera are about 8 cm long and 6 mm. wide with shrivelled 



Flo 124. eWuTO JtTQinoniuTO. A, up^t «pkdermt«e B, upper epjdermw 
o\er a vein. C, lower epitlerron. D, transv-erM section of iamina. £, 
crystal layer in surface view. All x 150, cr> cluster ciyrtal of calcium 
oYBlate; tp„ lower epidernuB; gla&ilular tnchotae, A. covering 

trichoBuj } I.# , intercellular apace ; pi, palisade ; a, atoma ; v, vessels 

tubular calyce? about 3 cm. long and pale brown ehrivcUed corollas ; 
the fruits are u-wally immature, about 6 to lO rora long, conical and 
covered with bristly emergenciea. Ibe transvcrfeely cut surface of 
the Blender steras shoa^ a largo solid pith, eonrounded by a whitish 
xylem about I mm. wide and a very narrow bark. 

The odour of the drug, though not strong, is disagreeable and 
characterUtJc ; the taste ia unpleasantly bitter. 

ffistology. The «<m is Bimilar in general structure to that of bella- 
•lonna. seep. .33 • the epidermal trichennes are similar to those of the leaf, 
u may attain a length ol 800#t j mai^ cells of the pith contain cluster 
crystals of calcium oxalate and a few eandy microsplienoidal crysUU. 


EJS^TJm OBOA Bjsm 

Leaves : opidt'imw of cella with mom or less sinuous ontjclinol wnili mid & 
smwth cuticle, tno covering irichomoH aro not voi^' niuneioua, those of 

X > conical and unisoriato with 1 to 3 to 4 cells and a length 

of ioO to 275 to 680fi and a broadth at th© baso of 30 to 60 to 95;t, the 
cuticle IS warty ; thoso of JD. tatula ore composed of 3 to 4 to 8 cells, up 
to 650(t long and llOft wide at the base; cl&v&ta glandular trlchoiaes, 
similar to those of belladonna, occur chiefly on the under surface of the 
veins, they liavo two to seven cells in tho glftndular head^ The palisade 
ratio 13 four to seven ; never leas than four. The Btomata are of the 
cmeifomus type and m D. Strantonium there aro per square millimetre 
about CO to 140 on tho upper and 140 to 260 on the lower surface ; the 
corr^poiiding figures for D. (atuta ftro 93 to 175 for the upper end 165 to 
331 for tlio lower surfaeo. TJio midrib resembles that of belladonna ia 
general structure, but has rather more hj'podermal collenchj'ma and sotns 
cells with clusters and others with sandy microsphenoida] calcium oxalate. 
The^oii-ers have pollen grains measuring CO to 80/i in diameter, being much 
larger than those of belladonna and henbane, see Fig. 124. 

Constitoents. Stramonium contains the alkaloid hyoaej'amine, from 
0-2 to 0*7 per ceJit,, and by cutting off the floivers this has been 
increased to 1'8 per cent. (Sierere, 2921). Atropine has been reported 
as & constituent, but is probably formed from byosoyamine daring the 
process of extraction ; non© was found in Egj'ptian stramtmium. 
Daturine was the name given to tho mixture of alkaloids originally 
extracted from tho drug. 

Pater (1926) found in the leaves of X>. Stramonium 0-265 to 0*342 per 
cent, of total alkaloid, in the roots 0-120, in the leaves of D. taivld 
Linn., 0*318, and in the leaves of D. inermis Jacquin, 0-286. 

The alkaloids in the leaf arc locolised chiefly m the epidermis, particularly 
the upper, and m the phloem parenchyma of tlie veins, the midrib ocmtaln* 
ing more than the petiole, and both being much riclier thon the leaf. 
Hence the practice eometimes followed of rubbing the leaves through a 
coarse sieve {laminating} and rejecting the midribs and larger veins should 
be diacontmued. The commercial laminated drug frequently contains 
XatithiUfn leaves (see below). The main stem contains but little alkaloid, 
and therefore should not be present in tho drug. 

Adulterations. Leavra of XanfAwm Strumarium Idim., family Com- 
positse. Those aro pale greyish-green, rhomboid ovate, with a coarsely 
anti irregularly serrate margin ; they aro rough from the presence of 
cystolith tTichomes. The midrib shows from three to six separote bundles, 
the epidermal cells have strai^t anticlinal walls, throe types of trichome 
are present, viz., conical, usually tbreo-celled, unisenate tnehomoa with 
cyatoliths of calcium carbonate m the biwal or two basal celle, narrow 
untseriat© trichomes obout seven cells long, and compositous glandular 
trichomes. Crystals are absent. 

I,eavos of Xanthitim macrocarpwm DC. have also been reported. 

Leaves of Cariliamus helmoides Deaf., family Compositio. These are 
distinguished by tho presence of three separate bundles in the midrib ; 
large ©pidenaal colls with straight anticlinal walls and a striated cuticle ; 
the uniseriat© covering trichomos at fifteen to sixteen colls ; tho comj^si- 
tous glandular trichomes ; schizogenous secreting ducts near the veins ; 
absence of clusters of calcium oxalate. 

leaves of Solanum nigrum Linn., family Solanaceai ; these are potiolate, 
ovato, with a coarsely toothed or wavy margin ; they closely resemble 
small stramonium leaves. They contain no cluster ciy-stals of calcium 
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*i«tt th<* furm i>f t}jfwpi«l<*nn«l coiU n‘i4 of tlo* tncliomt-s is Bimilar 
(•I that «*f Klminonium. Tiv' ino-** »•* tl«o 

ra« »>*, M lncJj is two to four. 

!<!>«%■«“< of Chfnopvtiitm family C£i<’mi|XKl»nc«'o* , tuosc 

Imri* « oxtrnial rixu^mWanw* t« nnall |oftv«*s of Ktram-^tuum ; t}ji>y 

roiitatii alnm'laiit rfU'tiT rrj'Rtals of ralomtn oT«!nfo : tlw* tnrliom-'s nn» 
«M>rni'Viliat mn* fait tm* rhaowton’^Ur, fiaiioe i< -lo hI«t naljc4-I a'»il « lai^o 
wntor-itonni: tormijial «‘ll. 

L«-avi*» of //yoarvowif* Lmiu.. famth >w»fiir>rt«>aj an* wm«‘{Mt\o^ 

Mi>Nt(ttit<t) fnr i»tmmn!u«iJn wh«*«» tho lat|,T isi^rarco. 

Uses Siramomiim Jcavt-a rraomhV belladonna in their action ; 
they arc. howTrer, nlmtwl Mcluaivcly tisctl in the treatment of 
Kpasmwlic nfToctiona of the rr^piratorj' orpina. 
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ihchasmlly hrnnchf'd Hfoms nm pubc^iccnt and ttmcli tm'stod nnd unri'p*» 
fniitfi am o/N'i» m (hn forks. 

Tho IcavoH Ilf D. m'td Luui., am (NidoIiUo. usiiaNy at 

tJjo bujso, about 8 to 13 cm. long and 7 cm. browl ; tho apox in acuto and 
tho btmirm fi nearly glabrous <md usually lias thme or four coarso teeth 
on each side and them aro four to six secondary veins on each side of the 


Doldro inno'^to Dorora fasl^osa 

Fio. Z£0. Datura innoxin MiHer. 0 urfs<^o prspnrotioas of the leaf. A, lower 
epjclermia. B, upper cpidonnis. C, ct^-Klal layer and vessels, cfc, 
cicatrix; cr, calcium oxalato c^xtole; gl, short-stalked glandular 

trichi , ‘ ; * trjchome ,• git, warty and 

WTinl ‘ . ' . • ' pal. palisade ; /rj, warty 

and I . • 'likled covering trichoraes. 

AH X 

Datura fastuosa Linn,, surfoeo preparations of the leaf. A, upper 
epidermis, /?, crystal layer and vessels. C, lower epidermis, a, crystalline 
mass of unknown identity,' cr, calcium oxalate crjutals; gl, glandular 
trichomo ; pal, palisade ; fr, covering trlchome. All x 100. (After 
Timmonnan.) ' 


The leaves of D. innoxia posses? voiy niimorous tricboraos, most of wliich 
are slightly wnrtj', long-.stnlk«l, glandular trieliomes with n email unt- 
eelluJar spherical secreting head ; a small niunbor of warty imiseriate 
conical covering triehomos, tho basal cell of which is never more tluin 
gOft wide at the base ; also o few clavnte glandular tnchoraes similar to 
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those o{ stramonium. The numbers of stomata, which are of the cruciferous 
type, on uppet and tower surfaces aro Boaidy ^uat, OQ to 116 ywt- 
millimetre on the upper and 1(W ♦«' ?*■? 

'n-- ’ . ■ 


the 
Isr 
m* 
of . 
mil 


. Uy to« 260 on the lower 


Coastitnents. Datura leaves contain about 0*6 per cent, of alksloidt 
chiefly ecopolamme (hyoeeme) with traces of hyoscyamme and atropine, 
and serve as a commercial source of scopolarame. 


BEKBAllB. Folia Hyoscyami. Hyoscyanus 
Sources. Henbane eonaiste of the dried leaves o!id flowering tops of 
Byoscyamw nijer linn., fatoily Solanacear, a plant whicn occurs 
tl^ughout Euiopo and as far east as Persia and India. It is occasion* 
ally found in southern England growing on waste ground, such as 
hedgO'baalM, roadsides and commons. It Is cultivated in south- 
eastern England, in Thuringia and northern Bavaria in Germany and 
is Bufisia and Hungary. 


OultiTatioa and GoUectlotu Seed U sown in the field in 
roWa about 16 cm, apart and are tliinned out till 
60 cm. apart in the sows a—-** •• . 

Icas'es are cclle 

In the fcllowjn. . ' 

about I metre v4 tvur main stems wK.vi. 

helically colled racemes — • . . . 



June or ijuly in 
.1 

,44 .* «aige plant, 


• . nfgcr produces more Blender, Bingle* 

i.vwluiwu plants, which yield a drug which sometimes appears on the 
market, 

DcscriptiOtt. Commercial henbane consists of roatted leave.s or 
leaves and flowering tops includmg stem, which, when dry, does not 
exceed about 6 mm. in diameter s a pale greyish-grecn 

colour and • • Specimens consiating 

of leaves or . ® 

First Ble r. uieee leaves arc ovate-lanceolate, often 

more or less broken and crumpled, about 20 to 30 cm. long and 7 to 
10 cm. wide with a broad, flat petiole about 5 cm i"-- ' 

coarsely dentate to my'"-*'-’*' ’ • - . ; • 

\ _ ’ , ^ > secondary veins 

‘ ’ ■ viscid <'l'>’'dular 

•eina. 


5 ..MM Inen 
more slender 
inflorescences. 


■ 4*/gei.Ufcr utth leavc>i and 
mV oicwks are hollow, light green, covered with a 
za-s 
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tnjjgled mass of whitJsli viscid giandukr triehomea, \rith one or two 
loiigiUidinal furrows due to sbrinkage, allemate leaf-scars and two lines 
running from each scar along the mtemode below it ; the transversely 
cut surface shows a large central holiotv, Bunonnded hy a band of 
radiate whitish xylem about 1 mm. wide, wbich is encircled by a 
narrow greeniaii bark. The feavei arc aesailc, oblong-ovate, cnunpled 
and broken, about 5 to 20 cm. long and 3 to 8 cm. wide, with two to five 
coarse teeth or lobes on each side, the base is cordate, the broad flat 
midrib hag four or five secondary veins leaving it almost at right 
angles on each side, pinnately arranged and terminating in the apices 



of fruit Ipysis). 

of tho lobes or teeth. The surface is viscid-downy especially on the 
midrib and main veins. The fimver^ are crowded together and have 
short pedicels about 4 mm. long; they are about 20 mm. long, tho 
calyx is urceolate with fi%'c lobes, each with an apical spine, the corolla 
is funnel-shaped with five slightly unequal, rounded lobes, yellow with 
purple veins. The /rn its are often present ; each is a small ovoid-oblong 
pyxis about 15 mm. long, bilocular ^rfth numerous fawn-coloured to 
brown seeds. The jeeds are brownisfa-groy, flattened, reniform* 
quadrangular, about 1*5 to 1'75 mm. long, 1 to 1*2 mm. wide and 
0-5 to 0*7 mm. thick. The testa is marked by wavy-walled reticulations 
each about 0- 1 mm. in diameter. Tli© seetl contains a coiled embryo 
embedded in an oily endosperm. The seeds have no odour and only a 
slightly bitter taste, see Fig. 127, 
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Annual Hentjane is woatly nnportca drug of iwor quality’ ; Us 
characters arc similar to those of tuo bieniual plant, but the sterna are 
more slender and the leaves smaller, the whole bemg less viscid-hairy. 

Henbane has a strong, wnplct^ant odour and a bitter tasto. 

Histology. The etem has a etructuro reaomblmg that of tlie stem of 
belladonna ; the pith, exceptuig m tho smallest bronclirs, having a largo 
central hollow and containing in its penplierj* a network of siipomuracrarj- 
penrn^uiiarj' phloem bnmllea as lu belladonna. Some ccHk of the pith 
contain tetn^onal calcium oxalate eithor in prisms or cUntera of fow 
components or microsjihenoiclal nantly ctjutals. The cpidontial trichomes 
resemble those of Iho leaves. Tlie ko/lias an epidermis with a smooth 
cuticle and slightly sinuoiw anticlinal walls; tlio stomata art? of tho 
cruciferous type, about 1^5 per square millimetro m tho upper and rather 
more numerous m tho lower epidermis ; it bears uniscriato two- to four- 
celled, conical covering trichomes about IGO to 300;t long, also glandular 
ttichomes, about 100 to SOOji long, with a uniseriato stalk of two to six 
cells and an ovoid multicellular glandular hcail and aomo elavato glandular 




Tio. 128 Henbaoo leaf Tranaverso section, with hairs i cr, ctystals of 

calcium osal&te , cp. epidexmis ; A, glandular hairs . 7». simple hair ; 

p, palisade X 180. (After B«Ue Grain,). See also Fig. 20. p. 105. 

tnchomes similar to those of belladonna. Tho mesophyJl la usually 
dorsiventral with a palisade of ono layer of cells, but occasionally the 
mesophyll is laobilateral or undifferctitiatod j a crystal layer m present 
beneath the palisado, tho oclh containing either largo tetragonal prisms or 
clusters of few components or. near tho wins, nucrosphenoidal sandy 
crystals The midrib has n meriatofe surrounded by a starch-boaring 
endodermw and showing in traasvereo section a long narrow arc of radiate 
xylem. beneath which is a narrow band of phloem , above the xylom, in 
the parenchyma, are several small groups of supernumerary phloem ■ in 
tho cortical region are cells witli crystals as in the pith of tho stem 
Flotver has a corolla with yellow plastids m the tnesophyll and, near the 
veitiB, cells containing purple entlioigranm, Tho pollen-grams are sub- 
(tphcncal, about 45 to 65^ m diameter. With three pores and tho oxmo 
marked with numerous fino irrt^lorly arrangiKl pita. Seeds- The 
epidermis of tho testa is formed of cells, about 100 to ISOit m diometer 
with brown, wavj-. thickened ami hgmfietl anticlinal wails : tho outer 
walls are thin end concave while the inner perichna! walls are lientfietl and 
iieaviiy thickened. ® 

Constituents. Henbane conUina hyoscyaminc and traces of scopola* 
mine (hyoscine) ; atropine has been reported, but its pcesenk « 
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doubtful. The total alkaloid present is about 0-045 to 0-14, occasionally 
up to 0*2 per cent. Annual henbane contains only about 0-03 per cent, 
of total alkaloid. The ash varies from 8 to 12 per cent., commercial 
samples often yield a larger amount, up to 22 per cent., owing to the 
presence of earthy matter adhering to the clammy leaves. The earthy 
matter is limited by prescribing a maximum for acid-insoluble ash, 
which should not exceed 12 per cent. 

Henbane seeds contain about 0-05 per cent. (Ransom, 1891) of total 
alkaloid, consisting of hyoscyamine and Bcopolamine. In addition the 
seed contains 20 per cent, of fixed oil. 

Uses. Henbane is used aa a cerebral and spinal sedative ; it does 
not give rise to the excitation caused by belladonna and is therefore 
used in insomnia when opium cannot be given ; it also relieves the 
griping caused by drastic purgatives. 

The seeds have been used as a source of the alkaloid scopolamine. 
They have a similar action to the leaves, but are rarely used. Thrown 
upon hot coals they give off a vapour which is a domestic remedy for 
•toothache, being allowed to enter the mouth for this purpose. 


Substitutea. and Adulterations. Hyoseyamua dlbus Liim., grows in the 
Mediterranean Basin and in India ; it is a perennial and is cultivated in 
the south of iVanco and in CJyprus; continental henbano may consist 
leaves are rather small, about 6 to 10 cm. 


triohomos are rathe , . > 

glandular ones have a small unicellular sub-spherical head. 

Leaves of Dandelion, Taraxacum officinale Wiggers, family Compositw, 
liave been substituted for leaves of henbane. Dandelion leaves are 


veins leave it at a wide angle, approximating 90 degrees ; the leaves vary 
much in size and are nearly globrous. 

The vascular bundles of the moristele in the midrib are separate and 
olten about tea in auxnbor, arranged in an ellipse as seen in a transverse 
section. Stomata are present in both epi ' ' ’ ' ’ ’ '' '' 

cells with slightly sinuous anticlinal Wal . ■ 

indefinite palisade of two layers of cells •« . . . • 

few trichomes are unisoriato and may be simple, ending in a spathulate 
cell or rarely glandular, ending in a spherical secreting cell j near the base 
are a very few pluricellular emergencies. See Fig. 20, p. 105. 


EQYFTIAK HEKBAKE. Hyoscyamus Muticus 

Boutces. Egyptian henbane couststa ol the dried leaves, smaller stems 
and fiowenng tops of Hyoseyamus muticus Linn., fatpily Solaneeeaj, an 
herbaceous perennial growing in the sandy districts of Egypt. 

Description. The stems are yellowish, terete, hollow and longitudinally 
grooved as a result of drying ; the dried leaves are pale green and brittle, 
up to 16 cm. long, ovate-Ianeeolato to lanceolate ; the radical ones are 
petiolate and the lamina lias two or three large teeth on each side and an 
acuminate apex ; the upper leaves are sessile, more lanceolate and have 

• , ' -Li.-, . 1 — jssembl© those of 

. , . 3 stems ; each flower 

... , . * 4 cm. long, with ton 
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lonsituduifll nbs and five short triangular teeth ; the corolla ia deep 
purole with yellowish streaks and fiv® unequal lobes. projMtmg 
the calyx- the epipotalons etamoiw have hairy purple filaments and 
oblonE. yellow antliors. Th& Jruit » a bilocular cjdmdncal pyxis about 
1-5 era lone and C mm. wide ; it ia enclosed by the porei&teut calyx. Iho 
eee<u, when present, closely resemble those Of heubano and arc about 1 mm. 
m diameter. . ... . , , , 

Tho leaves rcsemblo fboeo of henbane m general etmeture. 
The chief differences are that the cuticle la often atnated ; the trichomea 
are usually branched, each branch terromating m a unicellular, sub- 
sphoncal gland ; the lamma is iso»bilater»l, the palisade of the under side 
being composed of shoTter cells thou that ol the upper. 

COQstitnents. Egyptian henbane contaujs 0-7 to 1-6 per cent, of total 

alkaloid, most of which IS hj-oscyamme. 

Uses. Similar to those of henbane and ns o source of tho alkaloid 
hj-oscyamine. 


AKIMALS 

Of entire animal orgamamB used aB remedial agents, keebes belong 
to the clasB of vermes or worms and cochineal, cantharides and mylabria 
belong to the class of insccte ; they are all mvertebrates. 

LEECH, Hirndo 

Sources* Leeches are living annelid worms, three kinds being used. 
Tho species Hirudo medicimlU Linn, occurs in two \-aTieties, the speckled 
ot German leech and the green or Hunganan leech ; this leech js grown on 
special leech farms ui Cermany, near Hanover, The third medicinal leech 
» Hinufe juifujuteiriela Schmarda, formd in Austrahiv. Tlioy are aquatic 
annelid worms belonging to the tamfly Hirudinidfe. 

CalUvation, Leeches are reared in pomla, usually oblong in form and 
about I metjo deep s the bottom i% covered with clay and the banks aro 
mode of peat or clay The leeches lay their eggs or cocoons in the banks 
from June onwartU until tho weather becotneB,cbilIy. Tlie young leeches 
require about fj%*e to seven years to come to maturity and they live for 
twelve to fifteen j-ears. IVico yearly they are fed with fresh blood enclosed 
m stout linen bags, whicli aro siupondM m the water. Hio leechoa aro 
exported ui barrels, the head being nvwle of stout canvas so as to admit 
air ; each barrel holds about S.OOO leechcw. 

Descriphoa. Leeches are eontawially coatraoting and extending time 
Ijodies find move obout with a looping motion or they swim fully extended, 
wlim they aro about 10 to 12 cm long and 0-8 to 1 0 cm. wide, with an 
Undulating movement. ^Vhen contracted, leeches are about 3 to 3-6 era. 
long and l-Sto l-Scm wide Tho body is lormeil of ritig-shapod segments, 
of winch thoro nro from CO to lOO and it tnpore towards its ends oacli of 
winch has a dwc-slmped sucker. Tlio giecn leech is ohvo-green with six 
loiigitiubnal stripes on the donwl «irfaco , iluj spccklwl leech is Kinjilar, 
Init the ventral surfftco is greemsh-j-oJlow with black spots. Tlio Australian 
leech IS j-oliowisli brown «bos-o with fivo longitudinal stnpcs, vcntraljy it 
i« (rrwm«h-ypnew. see Fig. 129 ^ 

Tlio nntenor which w rmnller than tho imstenor, contains three 
jfiwa rmliating from a common centre; each jaw h furmsheil with a 
number of nnmite twth. ftinl resemhln* a |K>rtioii of a circular saw. Tlie 
wumal nttnehw itaelf by means of ttn aiitemr sucker to tho skin, wliioh is 
thereby slightly raised j the threo jaws, bj- a eaw-hko inoveraont. produco 
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three i>hte xvliich unite to form tho charactcnHtlc tnradiato cut, and the 
leech goiges itself with blood ; it then relinquiahes its hold, and dropi/roin 
tho skin. Tlic blood whieli it has tlra^vn is about 4 to 8 mils, ant! is so 
slowly digested that n ri agio men! will last for eoveral months. 



l-'io. jjjy. Leech. Htrudo malieinaltf A, oxlem&l features, a, aatetior 
Slicker j t>, posterior sucker. B, niouth and anterior sucker, C, internal 
organs. 1, hoail with eye-spots ; S, muscular pliarynx ; 3 and 4, first 
and eleventh diveitieulA of crop 5 S, stomach; 7, anus; W, ventral nerve 
cord. {After Shipley.) 


Comtihients, The salivary glands of leeches secioto a substance, 
hinidm, which enters tho cut rnade by its jawa when npphod to tho skin. 
Hirudin retards the coagulation of blood which will, therefore, continue 
to flow from the wound after removal of the leech. 

Storage. I^eeches oxc stomi in earthenware pane half^fillcd with 
rain-water and having on the bottom a layer of fine gravel or coarse sand 
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with a few lumps of wduU cLnreoftL ^lie w«3ol BhouUl b<. ‘‘o'-eml wjtU 
mu«l«n m\<X kept in the shade at a trinpcmture between 10 and 20 
In very hot weather tho water must be el>ang«i everj" other titno'* 

once a week or iu winter onco a month. The leeches chnnpo their skins 
neriodicalh’ and tho layer of gravel assists them m tho proct'ss. 

Uses Leeches nro used to mluco inflammation by withdrawing blood, 
mrufiin, cxtractcil from leeches, has been suggested far iiso in thrombosis 
and other conditions m which tho blood shoirs a disposition to clot too 
readily. 


INSECTS as a class belong to a larger group of invertebrate animals, 
all of whtcU have jointed legs and aro named tho Artliroixxia. Cnis* 
taceana, spiders and mites all belong to the arthropoiln. Insects aro 
characterised by certain features of Ufc*hi9tor>' and of atructuro. At 
different stages in its ©.Tistcnco a t}T»ical imscct is so different in 
apponrance that -tho stages would W regardtsl ns distinct croatntea 
utUeas one observed tho passage of on© into another. Tltis phenomenon 
is termed melamorphoais and tho insect shows four stages, viz., egg, 
larva or grub, pupa or chrysalis, and imago or perfect winged insect. 
The body of an insect is built up of fiegments, each surrounded extern- 
ally by a nng of chitin, which ItscU is divisible into a dorsal lialf, 
termed a tergtJm, and a ventral half termed a sternum. Each chitinous 
riuc ia connected with its neighbours by a flexible region, which gives 
mobility to tho entire body. H»o muscles arc attaciied to tho inner 
surfaco'of tho chitinous covering or ezo$Meion. Tho body of most 
insects exhibits throe distinct parts aoparated by deep constriction?, a 
character from which tho name insect is derived (Latin i/» into and 
scco I cut). The thrco regions thus matked out aro tho head, tho 
thorax and tho abdomen. The htad of an insect, in addition to tho 
moutii parts, beam one pair of antennm and two largo compound eyes, 
each composed of a number of lenses, about 1,000 to 4,000 usually. 
Tlio thorax consists of threo segments, tho anterior ono being tho 
prototlioiax, which is prominent in most beetles. Appendages aro 
attached to these segments, viz , throe pairs of legs and two pairs of 
wmgs The last general feature, which may bo not^, is the provision 
for respiration. Air ia carried about tho body by a system of t«l>e3 
named tnachero These tubes are prevented from collapsing by the 
presence within them of a fine spiral thread of chitin. The finer tubes 
amongst the muscle and in tho npiwndages join to form larger tubes, 
which eventually open at points on tho sides of tho segmentR Through 
these openings, named spirades, air enters and is earned by tho 
trachea! to all parts of the insect’s body. 

The legs of an insect are divided into joints ; that next the thorax 
is the coxa or haunch , this js connected to the large femur or thigh 
by a small joint, the trockanUr ; next to tho thigh la tho tibia or ahm, 
and the leg terminatea in a tarsus or foot, composed of four or five siuall 
Joints vrith claws, usually two, at its extremity 

The large sub-diviaions of insects aro distmgiuahed by the characters 
of the wmg.s and are named accoidingly. The beetles, to which 
cantharulea belong, have hard forew»m;>i eaeli named aiv eUdrou, 
which act as protecting cases for the under wmg'i lienee the beetles 
are named ColeopJcra, from Cteek orfeos, & Bheath, and pleron, a vang. 
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The bees have membranous nangs and are dassbd as Hymenopkra, 
Greek hymen, a membrane, and ptawt, a wing. The cochineal insect 
belongs to the HemipUrOy Greek hemi, half, and pterm, a wing, a 
family in whicli many of the insocta have four wings in the male, but 
none in the female. 

CAKTHAKIDES. Spanish Flies, Cantharis, Blistering Beetle 

Sources. Cantharides are the dried beetles, Cantharis vcsicaloria 
Latreillo, family Meloida? ; they ore widely distributed over southern 
Europe. 

Cantharides are collected in southern Russia, Galicia, Roumania, 
and also to a much smaller extent in Italy and Spain. 

Collection and Preparation. Oantbaridos are gregarious insects and live 
chiefly on such trees as ash, olive, privet and older ; their presence in large 
numbers becomes evident by a strong unpleasant odour. Collection is 
made cluofly in Juno and July, tho time chosen being early morning when 
the air is moist and the insects are torpid and mactivo. The collectors 
cover tlieir faces by cloths and protect their hands with gloves ; largo 
clotlis are spread under tho trees and bushes which ore vigorously shaken 
or bcaton with Jong poles. Tlie beetles are transferred to suitable con- 
tainers, such as sieves, and are exposed to poisonous vapoxirs such as acetio 
acid, chlorofoira, ammonia, car^n disulphide, or fumes from a stove. 
They are finally carefully dried at 4 tompemturo not over JO* C. 

Description. The beetles are about 12 to 20 mm. long and 3 to 6 mm. 
wide, shining-green or bronze-green ; the head is trapezoid with a 
median groove m the vertex ; the ©yes are small, black and situated 
just above the point of insertion of the antennae, which are fillfom 
with eleven joints, the second joint being small and sub-globular, 
while the third is a little longer than the fourth, but never twice as 
long. The fore and middle pairs of legs have tarsi with five joints, 
while the hind pair have tarsi with four joints ; each foot or tarsus 
terminates in two pairs of claws, the outer ones robust and tho inner 
ones delicate. The prothorax is visible dorsally behind the head ; the 
remainder of the thorax, aa well os the abdomen, oxceptmg its extreme 
hinder 'end, are covered by the two elytra, which meet in a straight 
median Ijne. The elytra are almost glabrous and are together rather 
wider th^^th© prothorax. The second pair of wings, or undenvings, 
are thin, brOT^ and membranous and are folded beneath tho elytra. 



lifts t nee of a close arrangomont of hexagonal ares'*, 

to I ^ he margins of which are finely toothed so that tlio 

. ty fine regular structure capable of producing 
'' light m the some way as on interfereticc grating, 
rfoce view as a brown circular area, about 7fi in 
do 1© concentric ring making a total diameter 
o exhibits hexagonal areas similar to 
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iho-M of tiw upjier lamolla of tW clytm nrw Djonifow vory 

• . • • ■ tlio conl**of'« of liio bodj’ consists of 

, ■ striatod nmsclo fiba-H, wliJch form n 

. ■ ^ ,»Mji jiuulo £ram cfliith/irblos. 1'iocc.s of tljo 

with cfiaractoriitio }iaifii» froproonls of fcp* niiel of tho mom* 
brnnous witig^ may tw oftsilj’ found. Jficcci of tho nntoiin®, of tho 
compound oyea with thcit hexagonn! fooot*, cocii about 20#i in di/iTnotcr, 
and of tho month parts may bo found by cftivfo} aoarcli, but aro not 
Humorous. 

Constituents. CaTJthaw'*r.a * lit© crystalline Inniy, 

r-’-*' "■ .■..•••*' n cold water nml only 

. * j ... ethyl acetate, chloro* 

. ...worn*. With cnuHtic alkalies (potoasium or scHlUmi 



Fio ISO Caiitharts and SlyUbrje. A. <7tf«Man« vMicntwo, wings closed, 
X 1. B, the flamo, elytra raieed, membroaoixs wings expaiuiod as ii\ 
flight, X i. 0, the name, front of head, x 3. B, Mylabrit eiehorii K 1. 
£y ilyiabrxt *id<£ X t C, HCylabri* cicAonr, head, x 3 o, nbdomen ; 
eh, projecting tip of abdomen ; on, antenna; e, elytron; /, femur- 
A, head; m, mandible; e. eye; y>.tA . pfothorax ; r, tarsus; ti, tibia ■ 
io, membranous hind wmg ' 


hydroxide) it unites to form soluble salts and 
show that in tho beetles '•r*'* ; 

tb-*'- ' 


‘s c^enco to 
partly in 
insect are the 
>in 0-5 to 0 8 


^ . ' ' 12 per cent. 

are very prone to attack by mites, beetles 
anti moth ; they should be car^ulty dried and stored ia well cl<«ed 
boxes or bottles containing » amall amount of '*“-'••• ' ilphide 

The pi^enco of moiatuie Iea*to , * 

fenaer+o*'— ' ' • . . , ^ 

Uses 

’ ' ■ h^^i'erties; 

. u.»«uua poison. 
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MYLABRIS. Cbicese Blistering Beetle, Chinese Cantharides 
Sources. The hj-K’cirH of ^rltich ocdtr m comrofreo as drietl 

iK'Otlrw «»»• MijUihnu eidte Fftbr. {•» M. p/taleraia Pall.) ami M.cuJiorii 
Liim fioin t1m»i ami )>nrts of Intlm; jtusluinia Tliimb. fmm Imha; 
niul l(>sH ,1/. Itryutln Fall. n»i«l iu. bijasehta Ohv. from South 

Afniv» Till '<• hi'at Ji'HbrJong li> the Mf'IouJroof the oitler CoJeoptera. 

Besenptioa. T}«* p'nus M^labris i« cliAntctcrisccl by the prownco of o 

ln'Ufl, <t h}«<‘k ('Xoskofatoii a f*’W— ustialJi* (lirvo — brightly 

ft>toufr<i humJH, whirh may Ik* yoUow, <»roog(* oi iimI upon the black 
A Vfty conxlnnt ft'atutr is tlio presence of a single tooth just 
MuikI tiu- tip of the nplit mftiuWilp mj that the two inaiichhles are 
«iis>>imilar. The nnteimie nu* Waek, clavate ttUtl arcuate, wjtli eleven joints. 

Jf. siritr iM about 15 to 30 xnm long ninl 5 to 10 inm. tvhle* ; each elytron 
haw a laige orange-j eliovc apot at «h Imse wheni it joinH the thorax and also 
tu'i) wnle tuin'»vem* orange-yellow hmnU, Both bmwh and tho black 
hnckgioiiJid have utiiT bliirk hnirK, moit of which n» rubbl'd off in iho 
ronuneinal thug, 

AJ ctr/jvr/i iiljont 12 to 20 min. hmgantl 3 to C mtn. wide. Thobamls 
of the elj tni leseinWe thow of M. «t/tr, but an* moro yellow atitl the basal 
t«it< often jotns (he middle hand along the inner margin of each elj*tron, 
Yelliiw ha»r» occur u|«»n the bamLiand black liaira on tlio black backgroimcl, 

M piisfufafn is obout 28 mm. long onti 10 mm, wiilo and generally 
ifsi-mbU's il/ st(/a', but the coUnitcsl bands are bnght red. 

ConsUtdents. i'f. »Ww and M. cfcAoni contain from 1 to 1*2 per certt. 
t>f cantinuidin ; ilf. piislufaf^ contains up to 2'3 per cent, of cantharidm. 
All these bo<‘th's nUo coiitatn fat and an odorous principle. Tlio moisture 
jirevent is about 8 to 11 jvr cent, and tho ash about C to Oper cent. 

Uses. Mylabns is ased for tho samo purposes as cantharides ; in Britain 
clueflj' ft« A fiourco of cantharidin. 

A^olc. Mexican cantiiarnles is a immo applied to a blistering beetle^ 
CotkAaris yaudn/nuculurns found in Mexico and also to insects, moro 
properly kiuntti a** Mexican flies, lielonging to the family Klomcliotn, 
x'iz., Noiwecia undufain Say ami Corixa nurcennrM Say, wluch are largely 
uvctl a*, on appctivmg adihttoii to i>o«iltiy food. 

COCHIKEAL. Cocens, Coccus Cacti 

Sources. Cochineal con-sista of dried full-grown, fecundated female 
insects belonging to the epccica i>acfi/foj)i«« coccus Coata, family 
Coccidoe, order Hemiptcra. Tho insects ore indigenous to Central 
America and Mexico, bal the drug now comes chiefly from the Canary 
Islands tvhero the insects aro reared in largo numbers. 

Cultivation and Collection. In the Canaries, the insects are reared upon 
branches of vanou-i sjiecies of I^opalea, fatmiy Cactace®, plants commonly 
known a<! Indian Fig or Prickly Penr. Both male And female insects ar© 
quite smaH, about 1 nun. long and tho male has four wings, while tho 
female is wingless. After mating, the female pushes its long, delicate 
proboscis through tho cuticle of the cnclus and eucka its nourishmont 
from tho liost plant- Tiiey increase in sire till about 5 or 6 mm. long ond 
numerous larvai develop within them. Wliea fully grown they aro brushed 
from tho cacti and are killed fay ©xpOBUtu to fumos of burning sulphur or 
charcoal or to heat alono and are finally dned. in the sun. 

Description. The colour of the drug varies ; some samples are very 
dark and are named “ black grain '* cochineal, while others are grey 



COCHllSEAh . 

4 “ aUver craia ’* cochineal. The difference arises from 
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Kio, 13} CocliiW'*}, X>ari>JUrpuU wc«». #1, tlorw»} tarface if, ^-pnirnl 
iKirfjwv C, in**et ** • lf»n.'»p*»wnt nlJOwmR i*nclo»otl Jarin*. 

f>, fcatJ-ftna of i»rvft. E, onlrnsuv of fmaW. I', |npco of iSwnm of ten 
*.lult iftwt. tOiowinj; h»>n*. trunosto unncs luitl proiipfst i«pinn<*fctn. 

O, ooftipoan'i t»inru*rcl f fcroup of wox (I M»«l K, m <iifC.'WRt 

I«««ion'. /1.i/on(iCaI! X D. />, x 150 WonJ/i ■ fio. 
o. mnui , on. mnlonnn ; c*. ronJpotUHl npinni'ivt : *. rj-p . gl, wo’t-jriojn} ; 
f,. fj. r.. S<Tr« of firnt, ivxxMid ond thiro pn»r« K**p'‘ctivt*}y, fr, Urvo, 
probowwi I . prot^OffH of Ur\-» ; 0jf. tpin^io ; r, trunratp upmn 
Hrax eland). 

ihe \nvx i% mrited and forms a iransjwrent vaniish-UKe emclopo, 
iJirourit wlncii the dark eoloar of the In-sect itKcJf is vi«ible, thus RivmR 
llm ■* >iUck KToin ” Variety, II tnaeelK are ktlled by iiiin)cn<ion in Jiot 
ir.itrf Jlipy h»vc fl nst colour ami form an article of mferior quahty. 
Tlip drici! in*pcts are brittle and easily mluced to ft ntldish or inicv- 
rolmiml ^«ow«lpr. 
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Each insect is plarto.conrex. ‘ ■ irselv, and 

oval in outline ' ■' . Theyare 

about 3-5 to 6 " ^ ‘ uuu each contains 

about 150, son . • . iarv® in various stages o! develop- 

raent. The convex dorsal surface shorn about eleven segments evenly 
spaced, there being no ■constrictions between the parts of the body. On 
the flat ventral surface the regions of the head, thorax and abdomen 
can bo distinguished by the presence of appendages and the form of 
the segments. Close to the anterior end are the straight, seven-jointed 
antennas and two eyes, each of a single lens ; in the median line is the 
mouth with a long, thread-like, cUitinous proboscis extending from it. 
The thorax carries three pairs of simple legs, each formed of three 
joints and a single claw ; they are completely hidden beneath the body. 
At the margins of the joints between the thoracic sterna are four small 
spiracles in two pairs. The abdomen shows six or seven segments with 
tlie anus clearly marked at the x> 08 terior end. The larvse are about 
0*75 mm. long , each is enclosed in a delicate membrane— the skin of 
the egg — and has one prominent coil of two fine parallel chitinous 
threads on each side of the anterior part ; these four threads ultimately 
form the proboscis of the mature insect. The whole surface of the 
insects is covered with scattered tubular w’ax-glands, about 20/« long, 
either single or in groups of two to six. In the larvro the wax-glands are 
simple and are arranged in conspicuous longitudinal lines on the 
abdominal surface, see Fig. 131. 

Constituents. Cochineal contains up to per cent, of a rod 
colouring matter, carmime acid, which is obtainable in small, red 
prismatic crystals ; it is soluble in water, alcohol, and in alkaline 
solutions. The drug also oontaiiw fat (about 10 per cent.) and wax 
(about 2 per cent.), together with albuminoids, inorganic matter, etc. 

Carmine is a preparation containing about 15 per cent, of water, 
60 per cent, of carminic acid, 7 per cent, of ash, and about 20 per cent, 
of nitrogenous substan ces. It appears to bo produced by precipitating 
infusions of cochineal by alum, in the presence of lime salts and either 
albumen or gelatin. 

Adulterants. Cochmcal is frequent^' oduiterated by the addition of 
inorganic matter such ns talc, barium carbonate and sulphate (for silvor 
grain cochineal), or manganese dioxide, lead aulplitdo, magnetic iron sand, 
etc. (for black grain cochineal). These con readily bo dotoctod by moans 
of the ash, which should not exceed 7 per cent., genuine oochmoftl of good 
quality yielding generally about 2*5 per cent. Silver gram cocluneal, 
heavily “ dressed,” may yield up to 60 per cent, of ash. 



CHAPTER XIU 
RHIZiOKEES AKD ROOTS 

Tiiebe is no clear dinaioa bet\reen roots and rhizomes in a coin* 
merdal sense. \Vhen the presence of a rhizome is clearly obvious as in 
male fern, the drug is usually termed a rhizome. When the rbizome 
BUperfieialty reseraWea the KWt in aizo and appearance, as in dandehon 
and, liquorice, the drug Is usually described as a root, even wiien it 
consists mainly o! rhizome or stolon. Hence commercial rtoomes 
almost aJirays contain a considerable proportion of root and similarly 
commercial roots often consist of rhizome in the upper part. The 
general characters of roots and rhizomes may therefore be usefully 
discussed together. 

RHlZOfilES are stem structures growing horizontally, vertically 
or in an oblique direction at the surface of the ground in which much 
of the lower part is embedded. The surface bears scale-leaves with 
occasional bvAs in their ajuls and is often marked with the encircling 
scats of /alien aenal fences, as in orris The lower surface of horizontal 
rhizomes and the whole surface of vertical and oblique rhizomes bear 
the roots which are usually slender and are adventitious. Scare of 
fallen roots appear as small circular marks. 

The growth of the rhizome may proceed mcmopodially as in male 
fern and to a certain extent in orris, when the same growii^ point 
persists from year to year and produces the successive yearly portions 
of the rhizome In other plants such as podophyUum, the rhizome' 
develops sympodxaUy, each season's growth ending in a fioweting stem, 
while the rhizome is carried forward by the development of a bud in 
the axil of one of the basal leaves of the stem. Each flowering aerial 
axis leaves its scar, usually a laige circular one, on the upper surface 
of the rhizome. A vertical rhizomo is often termed a rootstock and ia 
usually not much greater in diameter than the main tap-root ; the 
intemodes are short and tho surface bos ring-shaped leaf-acars and 
often transverse wrinklings due to shorterung to keep the crown at the 
ground level, as in gentiaif. A sU^on is an underground stem similar 
in function to a runner, hko that of a strawberry, but is much thicker 
and travels near or below the surface of the soil and roots at its 
extremity. Stolons form the bulk of the so-called root of liquorice, 
which mil therefore be considered under tho heading of rhizomes. 

Tlic transvciselV'Cut surface of a rhizome h alwaya charactenatic 
and 19 also an ajd m tho botanical classification of tho drug Thus if a 
number of separate steles are present, the drug is cryptogainic in 
origin , if a circle of bundles and a central pith, it is dicotyledonous, 
and if bundles arc scattered moro or less uniformly throughout stele 
and cortex and an endodermw is evident, the drug is monocotyledonous 
in ongin. In. rhizomes, the transverse surface never ahows a central 
solid maas of xylem, a useful character which helps to distinguish 
rhhomes from roots. 

Functiorwlly rhizomes are organs of pcrenaation and contain 
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reserves in the parenchyma, moat commonly starch as in rhubarb and 
valerian. Inulin, sugar and other reserves also occur and afford 
characteristic appearances and tests. 

A conn, being an undergroimd axis, is closely related to a rhizome. 
It differs from a rhizome since one ficaeon*s development only is usually 
present, the axis oi*thft previous scoson having entirely disappeared. 
In a few plants, such ns Tritonia («s Mmibrelta) the conns of successive 
seasons remain attached in a vertical row, forming a kind of rhizome 
and indicating the cloac relationship of corm and rhizome. Drugs 
derived from conns uiU therefore be included under the general 
heading of rhizomes. 

ROOT®. The root is that portion of the plant axis, which, in 
seedlings, groove vertically downwards into the soil. When the primary 
root persists and is much more strongly developed than its branches, 
it is named a tap-root, as in aconite, bcUadonna, dandelion, etc. Roots 
bear only one kmd of lateral appendage, namely, branches, which arc 
similar in construction to the main root. The origin of the branches 
is described aa endogenous, because the growing point arises in the 
outermost laj-er of the atcle, in the pericycle, and the branch bores its 
way through the cortical tissues by the secretion of enzymes. The 
branches are arranged in regular vertical lines, since they arise opposite 
to the protosylem groups of tho vascular system. TJiere are therefore 
as many roi« of lateral tranches as there are protoij'iem groups in tho 
stele. Sometimes two rows of lateral roots arise opposite each 
protoxjdcm mass thus giving double rows of lateral roots. Roots bear 
no leaves or buds, so that there ate no external leaf.scars or roots. As 
tile young root descends into the soil, it meets witli obstacles and tnms 
aside to avoid them ; es a result roots are rarely straigiit, and most 
drugs consisting of roots are therefore more or Jess tortuous. 

The appearance of the smoothed transversely cut surface of a root 
differs in i^cotyledoM and monocotyledons. In (hcotyledona, to which 
the majority of drugs occumng as roots belong there is a central 
U'oody core surrounded by the cambium, a cylinder of seconder}’ 
phloem and covered externally by a layer of cork. After seconda^* 
growth has commenced , the phellogen arises in the pericycle so that in 
all dicotyledonous roots of any size, the wljole of the cortex is exfoliated 
and most commercial roots show neither pith nor cortex, Tho root of 
aconite is an exception in both of these respects, because no phellogen 
is formed and there is a large pith which increases in bulk as tho root 
matures. 

In monocotyledonoua roots, a pith is usually present and is often 
composed of thick-uuUed lignified cells ; the xylem is porous and a 
cortex IS present and frequently also root-hairs, aa is the sarsaparillas. 

Collection and Drr ^ cl Rhi2om« and Roots. Roots and rhizomes 
are usually collected when their tissues are fully stored with reserve 
foods, it being assumed that medlcmal constituents will be also most 
abundant at this season. In Britain and other temperate regions 
autumn is therefore the season for collection. Large roots and 
rhizomes are generally sliced transversely or longitudinally or in both 
(lirectionB to facilitate drying. They are usually spread out on a floor 
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or shelTW, tvhich in suiti^ble weatber may be arranged out of doors 
under a roof bo that the Avarm air may blow through them. In Britain 
some flrtificiai heating must almost always be employed and a quite 
gentle heat is used at first to avoid gelatinisation of starch. After 
partial drj'ing, the temperature is raised as drying approaches comple- 
tioa. Care must be taken that the finished drug is completely dry to 
the centre as evidenced by its breaking with a short, ensp fracture , 
carelessness in this operation leads to the appearance of moulds during 
storage, jloat roots and rhizomes require from ten days to three weeks 
to dry thoroughly. Some roots develop their important constituents 
as a result of fermentation during drying, which is then a prolonged 
operation carried out at a low temperature. In tropical and sub- 
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tropical countries the heat of the sun is commonly used for drt'ine 
operations ° 

^ Roots and rhUomes, which are fransreweJy sliced nrenarator'' 


/at w, lUilceiniiailOH . 


HistoloCT of Rhiaeolts. Rhizomes, bemg modifird utems. p(}<«e&i a 
Mnictnrr having a general revmblanci- io thni of omal Btems Since 
however, rhuoratn grow «t « below the gruuwl level, they have no necii 
lodevelopostmcmmtdiicl, vrmMemblo them toHwpport themscjvfi m a 
***^”‘‘ «rt-»es such as result from 
Yolcnl vnmls The jupportmg tawwa m rhizomea am. therefore i»- 
oowloi^l am! an Arrangf-ment of eidt«r rvs w>w.w.^..u ^ 
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in ginger and hquorice. Nothing in the nature of rhytidoma is developed. 
Cork iS someiimcH leplaeo/J by a roodification o/ tljo outer layers oi the 
cortex. The walls of these cortical colfs'becomo euborisecl and form a 
protective tissue named «i€fad«rm, os in vemtnim rhizome. Tli© meta- 
derm IS easily distmguishod from cork because its cells aro rounded and are 
not arranged in radial rows. 

The cortex usually consists of thin-walled parenchyma contaming 
pBsert'es, such as starch. The endodennis is not differentiated and there 
is an absence of solerenchyma and supporting tissues in all large bulky 
rhizomes, such as rhubarb and ginger, but in some of the slender mono- 
cotyledonous rhizomes, such os couch grass, sclerencl^ma is present and 
18 arranged in a tubular formation and a well-developed endodermis 
surrounds the stele. 

The stele xn riiizomes shows the arrangement characteristic of the group 
of plants to which the rhizome belongs. Fop this reason, as pointed out 
above, tho transversely cut surface of a rhizome affords a useful cliarocter 
of identification. Tlie male fern has a oharactoristic dictyostele ; some 
dicotyledons, such as podophyllum, have a circle of separate bundles and 
show on absence of interfascicular cambium. In other dicotyledons, such 
as liquorice and ipecacuanha, a complete cambium ring is formed and 
secondary xylera and phloem are developed as in aerial stems. Mono- 
cotyledonous rhizomes usually possess a definite ondodermia, near which 
numerous smaller vascular bundles occur, while larger bundles are found 
towaida the centre, scattemd throughout the ground tissue, and leaf-trace 
bundles are fairly numarous in the cortex. The tegumentary tissue may be 
cork as in ginger, or metaderm as m veratrum, or epidermis as in couch grass. 

Bistology o! Roots. Roots of vascular plants belonging to different 
groups show a close ainulanty in their primary structure. Externally 
there is a piliferous layer, covenng the parenchymatous cortex, the outer 
layer of which is sometimes specially differentiated, as in Smilax omala, 
when it is known as the exodermis. The endodermis is generally well- 
marked and has either & strongly developed casparian strip or some special 
form of thickening. The stele is surrounded by a single layer of pencyclo 
and has bundles of xylem and phloem arranged In a circle, alternating in 
position 80 that each lies on a different radius. The bundles are all 
centripetal in development, and tho sylem bundles frequently dewlop 
until they meet at the centre of the root, forming a rod-shaped mass of 
xylem. The type of sg’lem mass so formed is named acooidmg to the 
number of points of origin, the groups of protoxyJem, oonDerwra in its 
formation. Roots aro therefore described os diarch, tnarch, tetrarch, 
polyarch, etc., from the Greek word arche, an origin, and the appropriate 
Greek numeral as a prefix. 

'PteridaphytG roots are usuoJJy very simple and slender and they 
permanently retain the primary structure ; the roots of Dryopteris 
Filix-mas arc diarch. Tlio slender roots of many rluzomes also show a 
well-marked primary structure, which in dicotyledonous plants, such as 
Helkborus niger, which is four- to five-arch, and Podophyllum peUatum 
which is four- to nine-arch, may show a slight ^amount of secondary 
development in the older parts, which are the portions of tho roots nearest 
to the rhizome. 

Other dicotyledonous roots, which grow to a large size, such as bella- 
donna end gentian, develop a cambium on the inside of tlio primary 
phloem bun&es and outside tho protoxylem groups { these cambia unite 
into a wavy Imo which ultimately becomes round^ out into a circle. 
The greater activity of the cambium on. the inside of the phloem bundl^ 
forms Wedges of secondarj’ xyl^ and the cambium and phloem are carried 
outwards until they are equidistant radially with the cambium outeido tho 
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lirolanlem etouim, Ojiposito each ptoto*>-lem group <ho 
iJS^ fonns paronchsSa only, lh»« giving r»o to ’>>« 
mja which can ho eanly obacn-cl >n tto tcansveno coet.on “ > 

liicotyWonons root. At the centre «t » «rot,on of ,„ch a 
i„«I»4lion will nhrnj-. roroal the primao’ *ylem l>nn>ll<"<- »« Fig. 133. 

Cork tonnation taker place at a decpor layer than m alcmr. the I'he «»' 
an.iiig m the r<Ticycte. Tliir loimalioii of cork reriilta m the ileatli of the 
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viride, family Liliaceie, aro About nino-^arch. tho^io of Acoma Gafhmua, 
family Aroidece, are about ton»arch and those of 5»>iifaz omata, family 
Lihacerc, are about thirty-atch. In monocotyledons a pith is usually 
present and its colls often become thick-svallcd and lignified ns in Smilax 
ep., the earsapanlla. 

Occasionally the stele of a dicotyledonous root, such ns the oleven-arch 
stole of Mmyanthce fri/oh'afa, family Gentianaccte, so nearly resembles 
that of a monocotyledon that it is almost impossible to refer the plant to 
its group by this character. 

The degree of dovolopmont of tho tissues varies Bo much in rlifforent 
plants that transverso sections of roots with eecondaty thickening present 
wido difloroncos. In Gcniiana lutca and Atropa Beliadonna the paroncliyma 
of tho xylem js oxtonsivnly dos'olopcd, tho s'casols being scattered through- 
out it in small groups ; tho secondaiy' phloem in these roots is a narrow 
band Hence tho great bulk of tho roots is composed of acylem parenebjina. 
In Taraxacum o^icinate, tho xylem is quite small, but tho socondaty 
phloem 13 unusually large, showing concentric ring^ of siove-tissuo and 
Inticiforous vessels alternating with rings of paronchyroa. In Cepkadia 
Ipccacunnha, tho xylem is emalU tho phloem also w feebly develop^, but 
oxtemnlly there is a very wide layer of starch-beoring parenchyma 
constituting tho phollodorro. In Aetmitum Napelliia a largo pith is present, 
the amount of xylem and of siovo-tissuo is email, but the medullary raj’s 
are wide and much pa-rcnchyina is dovolopcd in all parts. In Pobjgala 
senega ono or. moro rarely, two medullary rays aro exceptionally largo, 
giving tho appearance tn transvorso sections of ono or two wido wotigoa of 
pftTonchjTna inserted into tho compact contml mass of xylem. In 
CitnxciftiQa raumoaa tho four primary medullary’ mya are very wfde, 
dividing tho secondary xylem into four compamtively narrow arms, which 
givo the appoaranco of a Maltcso cross in tronsverso sections, see Fig. 133. 

Abnormal developnionts occur in certain roots. In Atropa Beltiionna 
and in Gintiana lutea numerous smail groups of sicve-tissuo aro embedded 
in the secondary xylem and arc described os intorxylary phloem. The^ 
plants Iiave perunodullary phlocinin tho stem. In Convolvulas S^m>7ionUt, 
Jpcmcea puTffa ond Ipom<ra orizaWtisia tertiary cambia arise in the 
parenchymatous secondary xjdem and produce xylem intomally and 
phfoem extomrtlly’. Tho esmhia in G. Scantm&am are usually circular, 
Imving arisen around a vessel or a small group of vessels. In /. purga they 
are short curved or wavy lines or sometimes eireJos and in 1. orizabensis 
ani! Phytolacca ap. the cambia form concentric circles, successive cambia 
arising in tho pericycl© as the roots jncreaso in girth. 

Classification, ot Kbiaomes 

1. Vertical and Oblique Rhizomes. 

Male Fem, Valerian, Whit© Hellebore, Green Hellebore, 
Rhubarb, Sumbul. 

2. Horizanfal Rhitajmea. 

(а) Dicotyledonous, 

Podophyllum, Bloodroot, Arnica, Indian Valerian, Hyd- 
raBtis, Indian Podophyllum, Serpentary, Liquorice, 
Gelaemium. 

( б ) MonocotyUdonous. 

Turmeric, GingOT, Galangal, Orris, Acorns, Couch 
grass. 

3. Corme. 

Colchicum, Indian colchioum. 
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SiAIiE JEKS BBIZOME. RWioma Filim Mans, Wix Mas 
Sources. Male fern rhreome eonaiats ot the dried rhtome and frond 
tancs of Dtyopleris TiXix-maa fUnn.). Schott, 

fem u-hich ia abradant in Great Britain, and on the continent of Euro^- 
Much is imported from Germany, large quantities being collected in the 
Harz and Thuringmn Mountains. It is also imported from India. 

CoUecliou. Tlio Male tern plant is recogniasd by its Kent. ohM"* 
rhizome, bearing a crown of about eight to ton erect fronds which are about 



Fso. 13i Jlfllo fern, Dryopttrta fihx-y>ui» I, Habit sketch with rhieome 
2, rinnule, showing tori with teniforrn cndu^ia. 3, 4 and 6, Sporangia, 
allowing &nn\ilu4 and tpofwi &. Tmnn'oree wirraco of rhizome with 
frond bases aa«l nine mensteW. 7. Traniverse section of a frond base. 

8 Intercellular spaco in tho grounil tierae, showing secreting glands. 

9 Frond bate of lady-fem, Alht/rium F\la: /aemirut. 10 Outline of a 
wewntum x 8 U. Margin of ramentum with two-ccUed teeth. 12 . 
Margin of rainentuRi of Atpidium tptnulomm. 


I mclro long Tlio fronds bear about forty to fifty pairs of pmnaj, each 
about U on. Song nnd having twenty to thirty paira ai pinnules, vfhich are 
oblong and eerrnted towards tbo tips, iriuclt are blunt. Eight to ten son 
are prevent on each pinnule ; thej* have reniforrn mdusia, each attached 
lij* the notcli to a vcinlet. 

ISie rinzotnes are dug »> the autumn; after washing, the wity roots, 
tlio deorl parts an<I the frond-s, except their bases, are cut away and the 
trunmwl rhizomes arc dried at a gentle heat. Laigo rhizomes are somo- 
timea halv«l lonptudinally to facihtote diying. 

Descriptiou- The dried rhtzotoe of commerce occurs in brownish* 
bUeb. oToid-cylindrical pieces about 0 to 18 cm. long and 3 to 4 cm, in 
diameter ; they are only rarely branched. The surface is closely covered 
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by tho frond-bases, which have a phyllotaxis of 3 : 8, being anranged 
in two sots of crossing spirals. The frond-bases are inclined towards 
ihe apox at an angle of about 30 degrees from the vortical, inicating 
that, when in the ground, the rhizome itself is inclined at the same 
ingle from the horizontal, Tho apex of the rhizome ia covered by 
j'oung fronds with circinate vernation. Each frond-base is about 
3 to C cm. long and 5 to 8 mm. thick, slightly curved longitudinally 
trith t ’ ■ ■ ■ . : . . 

Both t ■ ',,■■■ ' . . i ■ » ■ • • ■ 

numer ■ . \ ■ • ' . * ^ 

a triangular-lanceolate plate, one cell thick and about 10 to 30 ram. 
long. The rhizome itself i.s about 2-5 era. thick and both frond-bases 
and rhizome break with a short fracture, exhibiting a green and starchy 
interior. Tho transversely cut surface of the rhizome is irregular in 
outline from the presence of the partly adherent frond-bases ; it shows 
seven to nine vascular strands (meristelcs) of varju'ng sizes arranged 
in a circle, an appearance resulting from the presence of a dictyostclo. 
The transversely cut surface of a frond-base ia oval with two projections 
towards the upper less-curved side and has seven to nino small 
meristoles in a circle, see Fig. 134. 

The drug is odourless, but has a disagreeable, nauseous and bitter 
taste. 

Histology. The ground-tissue of the rhizome and frond-b&ses consists 
of a round-celled parenchyma containing abundant starch grains, which 
are simple, roimded, and about 12 to 26 microns in diameter. Many of the 
mtercellular spaces aro large, lined by a thin cuticle and projecting into 
tliom are unicellular sub-spherical or club-shaped interna) trichomes, 
which secrete a greenish oleo-resin. Tho hypodennal layer consists of two 
or three rows of fibrous sclerenclijina which lias brown wolls, but is not 
lignifled. llie raerisfeles contain from ono to three bundles, whicli are 
concentric with central xylom consisting chiefly of large prismatic 
bcalariform vessels Iiaving pyramidal ends and from 10 to 60 nuorons wide ; 
©mbeilded in tlio s^’lem ore from one to three protoxylem groups consisting 
of snrall spiral vessels ; each moristele is surrounded by an endodennis. 
The ramenta are composed of tlun-walJed, somewhat elongated cells and 
havo marginal teeth each consisting of adjacent projecting portions of 
two cells. Calcium oxalate is absent. 

Constituents. The chief constituimt of male fern rhizome ia about 
S per cent, of a yellow, amorphous substance of acid nature termed 


constituents are formed by tbe internal secreting trichomes of tho 
rhizome and frond-bases. The drug yields about 4 {not over C)per rent, 
of ash. 
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The rhizonie of A. Filix-f<Emina may be eostly diatinguished by the 
number o! bundles in the ieaf-baa©, for whilit the male fern haa from seven 
to nine the lady ferm haa only two large ones- Moreover, the lady fern 
produces no secreting cells m tho parenchyma of rhizome or petiole. It has 
decided anthelmintic properties, and contams fibcie acid and possibly 
filmarone also. It ia seldom found m the commercial drug 

The rhizome of JD. tpinulosa is more difficult to distinguish, as it contains 
secreting cells siimlat to those of the male fem, and about the same number 
of bundles. Tlie character of the margin of tho ramenta w distinctive, 
those of l>. sptnulosa bearing numeroua unieoUular, spherical, glandular 
tnehomes. Tho rhizome of J3. apxnulosa is frequently found mixed with 
the male fem in Gorman commerce (up to 00 per cent.). It is an active 
veTinifugo, and is largely used m Finland. It contams aspidin (polj'stichin), 
polyatictunm, polystichalbm, fUicie acid and probably filmarone. The 
extract prepared from it is said to be twice aa active as that from D, 
Ftlix-maa. 


VALERIAN RHIZOME. Rbizoma Valeriana 

SOQTCes. Valerian rhizome conaiata of the dried rhizome and roots 
of YaUriana o^cinofw Lhm., faimly Valenanaccaa, a plant which is 
indigenous to bhirope and northern Asia. It is cultivated in England, 
Holland and Belgium and in Germany. 

ColtiTation and CoUection. The vertical rhizome of the valerian plant 
bears small horizontal branches or etolons at about the ground level and 
each of these develops a small rhizome or ofiset at the distal end Young 
offsets from wild plants are collected m the spring end are planted m a 
well-manured field of calcareous alluvia) soil, in rows about 80 cm. apart. 
The large rhizomes begin to throw up flowering stems which aro cut off 
about a month after the plants are set : the smaller rhizomes form rosettes 
of leaves. In September or early in October the whole of tho tops abo%’e 
ground arc cut off with a scythe and tho rhizomes aro dug up. They arc 
washeil in running water, the larger ones are sliced longitudinally or 
transversely and together with tho ontcro smaller rhizomes are tlricd 
slowly by spreading them on a floor porloroted with holw and lieated by 
n coke Btove beneath it Drjnng ia usually coropleto about December, 


Descripflon. Valerian rhizome is yellowish-brown, bluntly conical, 
up to 12 mm tluck and 25 mm. long ; small rhizomes are about 3 mm! 
thick and G mm. long. The email rhizomes are sometimes attached to 
larger ones by short nmners or stolons about 2 6 cm. long. The larcer 
rhizomes are often halved vertically or eliced transversely, the smaller 
on<« aro entire. They are crowned by the remains of stems and leaves 
and the tapering uuder-auriaco h thickly clothed with adventitious 
roots, which are sometimes striated, but ere usually plump un to 
10 cm. long and about 2 mm. thick; where tho roots have broken 
airay, circuhr acara ate left. The exposed inner surface of sliced 
rhizoraw is firm and more or less homy or starchy ; sometimea thov 
aro rather hollow, portions of the pith remaining as tranavetao septa 
The transversely cut surface exhibits a central pith, aboat 

two-thinis of the toUl ^amoter, surrounded by a ring of small xvlom 
bundles, bo;^nd winch la a camhium line and a narrow’pbloem dm'ded 
from the cortex by a line which is the endodermis ; root-trace bundles 
leave the main bundles and cross the phloem and cortox to tho root- 
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bases. The Jongitudinally cut surface closely resembles the transverse 
one, but the circle of bundles is less mark^, being completed above 
and below by leaf -trace and root-trace bundles respectively. The roots 
often show a small central pith in a stele surrounded by an endodermis, 
beyond ^vhicb is a fairly xndo cortex coreced externally by the epiblenia. 

The drug has a penetrating unpleasant odour and a camphoraceous, 
slightly bitter taste. 

Histology. Tho chief micro^pica} feature<i an? the stout-waKed 
rounded-oblong paronchjTua containing abundant starch grains 3 to 18 to 



Fio. 135. Valeriana qfficinalif. A, aaSoreecence. JB, foUage-leaf. C, fletrer. 
D, fruit. S, longitudinal eeotioa of fnut. F, rhizome and its traasv'ersely 
cut surface. a.a., aerial item; e, cambium; cA cortex; e, endodenuis; 
p, pith, r, aclventitioua root ; r./., root-troc© ; m, runner ; r?, rhizome; 
xy, xylem. 

20 microns in tliametor, cither simple or two- to gix-conjjxjund ; slender 
pitted, spiral and annular vessels in small numbem ; rceton^lar prismatic 


ConsHtnents. The principal constituent of valerian root is the 
volatile oil which is contained in the hyptwlermia of the roots and in 
• . r XV r*''-''* v-«’erian root yields about 1 per 

■ , ■ ' • ■ ints of which is bomyl iso- i 

. . . .... decomposed by an enzyme 

, ; * 'an oily liquid possessing a 

charactenstic odour \ to this body the unpleasant odour of valerian 


WHITE nEhiEmm: 

root J3 to l>e aBcril>od. and its gradual production from 
valerianate explains tho development of the odoiir as the root <tnea, 
the fresh root having only a slight odour. 

Valerian root aUo contains two alkaloids, chalmine and valertanuic, 
resin and mucilage. . » , i 

TTses, Tho drug is used aa a powerful carminative, stimulant, amt 
antispasraodic ; it is given chieflj' in hj'steria, palpitation of the 
•lieart. etc. 

Substitutes, etc. Japanw Vaknan, Krsgo; is said to U' ttio riuzor^ 
nud roots of PoffniiHa o^^cinolw '*»r latijoha Miquel : rhizome Rmnll. 
erect, cTO%vned with ficnrs or with the remains of acnal stems ; bromii-^n ; 
odour resembhiig tliat of TOlcnuii but mucii stronger and somewhat 
aromatic; yields up to 8 per cent, of volatile oil containing hboniyl 

isor-akrianate ami acetate, kes.s> I Rcctnte*, and terpenes 

VnfmaiMo 2Jajor\« U tho root of 1*. Phn Lmn. : it has wiy httlo 

odour. 

.Ifraricnn Voferinn is the rhiioroc of 1 '. ogtciwifw grusmig in Mexico , 
it jields traces of wlatile oil and a little free valcnomc acid ; tlie oilonr 
is feeble. 

Eardua root is tho rhizome and roots of A’(irtfo»f<icayJ Jalainaiisi <!o 
CandoUo, family Valenanaeete, Alpine llucainjiis ; rhizome short, thick, 
dark grey, crowned by a bundle of fibres ,• odour re«rtnbles valeriai ) ; 
yield of oil about 1 per cent. 


WHITE HmEBORE RHIZOME. Rhixoma Veratri AIM 

Sotirces. \Mnte hellebore, Ferofnim aI6um Lmn., family Liliaoero, m an 
lier'teceous plant with erect perennial rhitomr, common on the moiuitains 
of central and eouthom Europe. It protluces large, ostitc, ribbed lea%'es 
and a flowering stem that attains a height of a metro or mortj. Tlie rhizoroo 
appears to have been known and used raodicmall^' for many jvars, but 
owuig to Its powerful and uncertain action it has been omplojvtl chiefly 
as an external a^qihcatioii. 

Collection. Hio rhizome la ^lug iq> la tlienuUimii, ami tho leas'C'* which 
aro all radical until a fioweruig etem is produced, aro cut off cIo«c to it. 
It la then iisuAlly dned rntire, but is Bomoluocs cut JongitiidmaJly mlo 
halves or quarters to facilrtato iliymg, comotimes deiinvod of ila roots and 
occasionally sliced trann-ersely. 'nie separation of the roots is to bo 
deprecated, as they appear to be mono i»cth-« than tho rhizome \\*hen 
fresli tho rhizome has an albaceous odour, but thw w lost by tlr^’ing 
Description. Wlute hellebore rluzome [when freed from the roots) 
averages about 5 cm. in length and 2 cm. in thickness, and is of o dull 
black colour cxtenially. Tiro upper part is neiirly cj-hndrical, but tho 
lower ext remits', where the rhizomo gradually penshes and rots away as 
growth progresses, is usually bluntly conical or truncate. It is crowne<l 
with a dense leafy mass consjstoig of tlie thin, dry remains of numeroizs 
canecntneally arrangeil leaf-bases which liave been cut off le\Tl close to 
the rhizome ; the outer of tlw-se are coarsely fibrous, the ivirrnehj-matons 
ti-vsue tta\-mg pietidied, leavmg the veins pcreistent. The surface of the 
rhizomo is rough and wrmkJed ; w llio centra of each root-&cac a slender 
xjlem IS distinctly visible. In tiro untritninesl rhizome the roots are ver^- 
numeroua and stout they eom^etely envvlop the rhizome, so that tho 
imtnmmcd drug is much more bulky than the rhizome alone ; they are 
usually dull grey or j-ellowish in colonr, and commonly show a disposition 
to slinvel longitudinally rather than transversely. 

The rhizome frequently divides into two or even three branches. 
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The drug breaks trith a ahorfc fracture, the interior being vrkithh, Urm, 
compact, and starchy. The cortex is about 3 mm. tJiick, and is limited 
jntemally by a brownish line, the endodermis'; the stole occupies the 
central rfSion, 1 to hS cm. in diameter. 

Scattered vascular bundles are present in both cortex and atele, being 
most numerous in the outer part of the stele. Occasional vascular bundles 
traverse the cortex from tho pcricyc/o to the bases of tlio adventitious 
roots ; at the centre of the stele the bundle arc often somewhat elongated, 
being cut obliquely. 'Welbdeveloped lacunm are present in the outer part 
of the cortex of the roots and tho stele has a central pith surrounded by a 
ring of alternating bundles of xylem and phloem. 

Tho drug has a bitterish, acrid taste, but little odour ; the powder is 
strongly sternutatory. 



Fio. 136 f’^ratrum album. White helleboro. 3, entire rhizome with 
roots B, rhszonie cut longitudinally. <7, rbwomo cut tranawrbcly. 
23, part of a tratiaverse section X 250 *, starch ; cr, bundlo of aoicular 

S Btah of valcnim oxalate; ct, eortez; e, endodernus; t.f., leaf-trace; 

, metoderm ; r, adventitious roots ; r.t., root-trace ; tz, rhizome. 
(A and B from tho PKarm Jcurn.) 

Constituents. "White hellebore contains seveml alkaloids, tho total 
amount vatying from 1 to 2 per cent, and averaging about 1 -S TIio most 
important and the most toxic of these is protovoratrine, which closely 
reserableB aconitui© in its action, and. is m addition a powerful Btomutatory. 
Jerv’ine i5 also ci^'stalhno and toxic, but jfc is less oetivo than protovoratrine. 
Rubjjervine and pseudojervine aro also present, but aro said to be inactive. 
Wietber protoveratridino occurs preformed in tho drug is doubtful. 
Tlio roots appear to bo somewhat richer in aUtaloitl than tho rhizome 
(Bredemarm, 1906), and therefore should not bo discarded. 

White holleboro also contains r^n and starch. 

tfses. "White hellebore- is a powerful emetic and purgative when 
admini'^tered in full doses. It hw been proscribed for gout, but ia now 
usually employed as an external ap^cation m certain skin diseases, for 
the destruction of x>edicuh and other no^ous vermin, and as a moth- 
powder. 



VBHATmM 

AMERICAS VERATRUM. Green HeUelwre.RhizomaVetatnViridis 
Soufces, Veralmm viride Alton, laoaily Lilioceaa, is a plant closely 
resembluig T'. album It is common in the eastern United States, growing 
in rich Woods- The plant is dug \ip in tiie autumn, the leaves are cut oS 
close to the crown, end the rhizoto© la Gien usually halved or quartered to 
facilitate drying ; occasionally the rootsa-re cut off (“ trunmed ” rhizomes), 
hut more frequently they are left attached to tho rhizome {“ with fibre ). 

The drug is coaxdionly termed “green hellebore,” but this name is 
better Testrieted to the rhizome of ffetUbanu viridis Linn ; American 
veratrum is a more suitable debig^ation. 

Description. The rluzomo closely resembles that of T'. al^m, the 
American veratrum, however, la usually eut longitudmally, whilst wWte 
veratrum is commonly entire , other ebaraetara axe the brighter, yellowish- 
brewn colourant! tho more transversely ehrivelled appearance of tho roots. 
According to Viehox-er, Kleenan and Clevenger (11121} the endodormal cells 
of r. winds are U shaped and evenly thiclraned, while those of V. albufn 
are V ehap^. These charactera, however, vary to a considerable degree- 
CoztstitaeQts. Tho constituents of Fercfrtim viride are apparently 
identical those of Fenitrum album, with the (doubtful) exc^tiou 
that the former contains an alkaloid— cevaduie — that is not found in tho 
latter ; tliey ftre present m about the eame proportion. 

TIs 63. American veratrum heia been tecommended os a sedative, but is 
seldom ptesenhed fox uxtemal adnfinisttation.. See under White Hblleboro. 


RHUBARB. RlfizomA Rhei, R^tdis Rhei, Rhnbarb Rhizome 
Sources. Rhubarb consists of the peeled and dned rhizomes of 
various species o! Rhsum, fanfily Polygonacem, growing in China and 
Thibet. A comparison of the structure of commercial rhubarb with 
that of the knovm species of Rheum indicates that it is derived from 
palmatum Linn, and from R. o^inale Baillon. The hotanioal 
source of rhubarb coming from tho province of Sbenal is still uti' 
certam ; it appears to be derived from a third species of Rheum. 
R. palmaiurn grows abundantly near lake Kokonor and its rhizome is 
collected in Thibet and in the province of Kansu ; merchants from 
Shanav and Canton purchase ihobaib tuad carry it to Harrow, 
whence it comes eventually to Bhaaghai. Rhizomes of R. officinale 
are collected in tho province of Szo-chwon, whence they aro transported 
via the Yang-tse-kiang to Shanghai, 

Katory. Tliat the Chinos© were acquaimted with rhubarb many 
centuncs c.c. is evident from the fact that it U named in tho herbal, 
“ Pen-king,” which is attributed to the emperor Bhen-nung about 2700 
a.C. As early as 114 b.C. tho drug was brought by trading caravans from 
Shc^i ui north Clima to Boklianv in Russian Turkestan and thence came 
to Earopc. probably fid the Black Sea. Diosoondes. the Greek writer, 
about A p 77, refers to thu drug ta rha at rktoti ; he did not know its 
Muroe, but desoril^ It as coming fmna countnea beyond the Bosphorus. 
The iiamca rheum barbanitn or reu barbamm wot© used by Latin writers of 
about 050 *.D. and probably indicates rhn oe rhubarb from a hatbanc 
coui,triM>ossib)y Turkey. Tlio same tora» are used by Arabian physicians, 
writing during lliQ el^-ontli cmtuiy. From these origins we derive the 
modoni name rhubarb. 

From tho twelfth to the eighteenth century rhubarb was earned from 
China to Persia by eam%-a.i and thenea to Aleppo, Tripoli, Alexandria and 
bmymft. I'rom theso Levant ports the drug was shipped to Europe and 
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became knowi an Turkey Rhubarb. During the enmo poi-iotl feomo rliubarb 
■wm shipped from Chmeso porta and came to Europe by way of India and 
was known as Chum> Canton or East Indian Rhubarb. lii 1728 Russia 
obtained a monopoly of the Chinese trade m rhubarb by caravan and 
since tile only free Chmes© port Canton, the bulk of the best rhubarb, 
coming to Europe bot^veen 1728 and 1800, passed tlirough Russia vi& 
Moscow anti not by the Levant ports m iormerly. Tins Russian or 
Muscovitic Rhubarb waa still usuatty knmvn Jn Britain as Turkirii Rhubarb, 
the name havuig been traneferr^. Small quantities of East Indian 
rhubarb &tiH came from Canton tnd India. 

On the opening to trade of .several of the northern Cjiineso ports in 1842, 
the Russian trade rapidly diminished and tbo bulk of rhubarb began to 
come and still comes directly from China to Europe. 

Collection nnd Preparation. The largo rhuomes of plants about six to 
ten yeai-s old, growing at elevations of 3,000 to 4,000 metres in the province 
of Sze-chwan, are lifted, from the ground chiedy in September and October. 
The roots are cut off and tlie rhizomes cleaned, the crown fa then cut out 
and the bark removed ; tho larger rhizomes aro cut tmnwerseJy or 
longitudinally or in both directions. The pieces ate then pierced by lioles 
and aro threaded on to cords, which are stretched from tree to tree in the 
shade or under tho eaven of tho roofs of houses. Sometimes, however, they 
are spread on hur<Ues in huts and dned by the heat of fires or they may be 
placed on stones — “stone tables ”-~*p^e^^ously heated by burning small 
twigs upon them. Tho prepared rhizomes are transported to Chungking 
on the Vang'tae-kiang and ao by river to Shanghai, whence they ore 
sliipped to Europe. 

Description. Rhubarb rhizome occura in pieces which are described 
as “ flats " and “rounds.” Tho “flats” are formed from large 
rhizomea, which have been divided longitudinally and are piano* 
convex, tapering slightly towards each end and are about 7 to 10 cm. 
long and 3 to C cm. thick at the middle point. “ Rounds ” are formed 
from rather smaller rhizomes, which ore not divided longitudinally and 
consequently cylindrical, barrel-shaped or conical, being about 8 to 
10 eva. long and 4 cm. thick. The outer surface is commonly dusted 
over with powdered rhubarb, in tho fornr of a fine yellow powder, to 
give them a good appearance. After removing tho powder, the surface 
shows flattish longitudinal areas, resulting from the use of a knife for 
cutting away the bark, and may also show marks produced by filing 
or scraping, which is done after drying so as to remove discoloured 
patches. Dark areas may still be found here and there. On many 
pieces of Shensi rhubarb there is visible a delicate network of white 
lines, the rhomboid meshes of which are about 1 to 1-5 mm. wide by 
2 to 2*5 mm long, each being filled by a number of fine vertical reddish- 
orange lines embedded in a white matrix. The reddish-orange lines 
are the medullary rays seen in a tangential section of the rhizome and 
the white tissue is phloem or xylem parenchyma filled with starch and 
calcium oxalate. This pattern is therefore evidence that in paring the 
rhizome the cortex has Iteen removed, but not the whole of tiio normally 
developed radiate secondary phloem and xyiem. The outer surface 
may also exhibit occaaionai small dark points or projections, which 
when carefully shaved off appear ae radiating white and reddish-orange 
lines, showing that they are loaf traces. If the trimming has been very 
severe, there may be seen upon the surface numerous groups, each 



rhubarb 

<i to ft mm in diameter, of radiating dark reddisb-orango bnes 
& .ectioamg of abnormal 

vascular strands occurring m the pith. mthm tho 



I'io 137. Cbmwe rhubarb Shmst A, Sben^;! flat B, Shensi round. C', 
end of Shensi round. D, d«tBil of tho reticutationa X 3. k, hole with 
embedded Btrmg ; K, knifc.mark, i^.p, atar-spot cut longitudinally, 
fit r , medullary ray ; r, reticulation ; *, starelij' parenchytno : s p , 
ntftt.Rpot (^. B anti C from Ph<frm Journ ) 


external to it, excepting where this has been out away during the 
preparation of the drug Wuhm the cambium i? a ring, about 5 mm. 
wde, of radiate Bccondary xylem xrith reddish-orange medullary rays , 
the remainder of the surface is octmpied by the large pith In tho 
periphery of the pith, immediately -wi^in tho secondary xylem, is an 
almost continuous ring of star-spots and scattered throughout the 
remainder of the pith are star-spots and irregular markings composed 
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of jDoro or less parallel straight or undulating reddish-orango lines 
embedded in a starchy, parcncbjumtous matrix:. Sec Fig. 138/1. 

TIjc inner surface of a “ flat ** shotvB numerous transverse line? of 
star-spots and also undulating groups of transversely placed parallel 
roddish-orange lines. v 

The drug is firm, heavj', and compact, tho outer surface showing 
little sign of shrinkage during tho drj’ing *, it brcal^ with an imeven 
short fracture, tho fractured surface, w'hicb varies from bright pink to 
dull grey in colour, exhibiting numerous small dark reddish-orange 
lines alternating with while ones, known as ** nutmeg ” fracture. 

Three varieties of Chinese rhubarb arc recognised on the market, 
viz. Shensi, Canton, and High-dried, each of which may occur in 
" flats ” or “ rounds.” 

Shensi rhubarb is tho variety dcecribcd above ; it is characterised 
by its very compact nature, bright yellow coat, distinct whitish 
reticulations, and " nutmeg” fmeturo: tho odour is agreeable and 
free from marked empjTcuma, tho taste slightly bitter ; that vfh/cii 
exhibits a bright pink fracture Is preferred. 

Canton rhubarb may bo distingufahed from Shensi by tho fracture, 
which IB more or less uniformly granular, exhibiting no marked 
marbling, and by tho odour and taste which ore more distinctly 
empyroumatio and disagreeable. It is more fibrous in its nature and' 
less compact, tho coat is not so bright, and the whitish reticulations 
are Jess marked. Formerly tho pieces boro a deep triangular niek, 
but this is now more often wanting. It is lees esteemed than Shensi 
rhubarb, 

Hiffh-dried rhubarb may roaomblo cither Sbensi or Canton in the 
fractured surface, but tho coat is much duller and rougher, and tho 
odour and taste more empjTeumatic than Canton. The rounds are 
often much shrunken, and frequently oxhihit the remains of tho bud, 
dark patches being often visible on the outer surface. Tho flats show 
distinct severe paring, and are often so hard as to spring when broken 
^v^th tho hammer ; they aro usually of better quality than the rounds. 

Tho complex structure of tliis dnig is duo to tho fact that it is a very 
fleshy rhizome, tho intemodes of which are bo closely approximated 
as to Ih 5 almost suppressed and Iiaving an abnormal development of 
btmdles in the pith. 

The drug possesses a characteristic odour and bitter, astringent 
taste ; when chewed it ia very gritty between the teeth, a character 
due to tho calcium oxalate, which occurs in considerable quantity in 
large cluster crystals. ^ 

Histology. Tho general arrangonoent of tho tissues of rhubarb is 
tlosoribed above. Tho abundant paroiichjTria, present m all parts, 
contains starch groins, wliich ore either simple or two- to five-compound, 
individual grains being 4 to 18^ in size i tho compound grams may reach a 
tliameter of 30/i. Single groins or© rounded, components of compound 
grains are often muller-shaped and tho hilum frequently has the form of a 
radiate split. Slany colls of the parenchyma contain cluster ciystals of 
calcium oxalate, having a diameter of 20 to 200^, including a considerable 
number over lOO^ ; tliey are so laigo that many of them are broken into 
fragments during the process of powdering the <lrug. Tho cells of the 
medullary raj’s, both in the normal radiate xylem and phloem, and m the 
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Bte-bpots, contain yellow miwMia, which mo iiwoliiMo in ‘''“'“I; 
BoiiiWo in water, anil ore colouiwl imMidi-pnik by eolulion of nmmonul 
»nil deep hlood.u-il by rnuBtio alkali The jo’lom vosm s «io mo' fy 
loticuloto and am retrmrknhlo hocaimi Oi««r walla mo oollolomo “"d 
no roactiotiB for lignin. Iho elar-qioia ha™ a »™11 SSdhe 

phloem at the centre : thia u surrounded by phloem 
camhnim, which oriaea round the original strand of phloem ; CJtfetn^y 
the cainbiuni forma aylem with large voBwh ; the tailinting omngo iinro 
of the star are the medullary rays. The older star-spots frequently show 


/' , ■ -’t 



Fta ijs Shfn«j rfjulwrb. traan-ersely cut purfsce of ft fist v. { 
B, tffuwh-erM section through ft star-spot x 25 C, transN-erso section of 
fumiamental parenchyma x ISO a, starch, c, cfttnhium ; cr, cluster 
crystal of calcium oxalate , c » t, central sieve-tisirue, collapsed ; inr , 
metluJJar} ray , pfi. phloem , *]», star.npot i «pt, star-spot cut longitudin- 
ally , »f . sie\e-t!swe , r, *yl^ , *y, nottnal secomlary xylrm. 


niueUage cavities in Ui© phloem just withm th© camhiform tis.>me, Thera 
nre no sclerenchyinfttous fibres or cells ond commerciaJ rhubarb lias no 
cork, bceauae it has be«n cut away during preparation of the drug. 

The etar-epeta arise as a result of tls© dsveloi>ment in the pith of supor- 
numerary concentric bundles having pldoem towards the centre and xjdem 
exteranlly. In the periphery of the pith are a number of \*ertieaJ strands 
of phloem and at the nodes there are numerous similar horizontal strands 
forming a kind of network diaphragm, across each node. All these strands 
become surrounded by cambia which develop phloem on the inside and 
xylem outside with ratUaling sightly cunecl meduUaty raj-a ; when cut 
across transversely a star-spot re<TOUtw One finds, therefore, m a transverse 
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Constituents. Rljuburb eontnini tlorivntives of anthraquhiono, irhich 
are ii'panird ns iJit* piirgativo comtituciiu and nn^ prp^^■JU to tbo 
extent of 2-V to 4-5 {H*r cent. Tlio aHtringcnt constituent consists 
chjony of gallic acid in tlie form of glneogaJfiii, uliieh is gl^'cosidal, 
together nith wnnll ninonnta of taimin and |K)SHihly cafochin. Other 
constituents, apparently devoid of mcdicinaj action, are rheinoj/c acid, 
starch, fat, dextrose, levulaso, j>ecfin and calcium oxalate. The 
amount of calcium oxalate, and consequently also tho asli, varies 
njdeiy , the ash is from 3*5 to 43*3 |)er cent-, good Chinese rhubarb 
yichhng from 7 to 13 i>or ewit. T5)At tho ash is d»e almost entirely to 
calcium oxalate is evident from lln> small ncid-insolublo ash, uhich 
should not exceed 1 per cent. 

The anlhraquinono derivatives present in rhubarb arc rliein, 
emodin, nloo-cmodm, Dtnodin-roononiethyj.ether and chi^j'BophanoI. 

The.so occur partly fi ■ 

other undoterminod ' ■ • r •• 

mass, extracted iron ‘ : ■ 

" rheonigrin," uhich yields u;wn hydroi^ls gallic and cinnamic ncid<? 
together uith the anthraquinonc derivatives named above. 

The presence of anthaquinone derivatives way l>c demonstrated by 
tho following test ; Boil 0*1 gm. of the <lrug in iK>wder with 5 ml. of 
10 i)or cent- sulphuric aenl for two jninute.s to h.vdrol vue any glycosides, 
r/lter while hot ; cool the filtrate and slialco out benreno. To tho 
clear boiirono solution add Jialf Its volume of 10 per cent, ammonia, 
shako and allow to separate when tho nmmonincal layer will have 
acquireil a ro.H*‘pink colour. (Fnirbairn, 1042.) 

Uses. In small dose.sofaboiit 1 to 8 gr. rhubarb is a bitterstomnehio 
and intestinal astringent ; in larger doses of about 10 to 45 grains it 
causes purgation, M'hich is follo^vcd by an astringent effect duo to tho 
tannoid constituents. It is given in cases of indigestion with diarrheoa 
and as a wild laxative. 

Substitutes and Adulterants. Englith Rhttbnrb. In Eugiaml two sjV'cie'j 
of Rheum, viz., R. ami R. rhnpotiUeim Lum.. are cultivated 

fOxfoKl'ihuc, Suffolk, ctc.J. Tlio rhizomes arp dncil ami sold so^wrofcly 
from tbo roots. Thoso of R. cjficviale resomblo tho Chmew drug, but, being 
inoro spongj*. fiJiriiik and wrinklo as they drj*. nml nro softer to cut t tho 
white roticulntiona are commonly absent, tlio white hues being pamllel 
to ono another; tho sfar-epots nro also fowor and more Hcntfered. The 


wluch oxlnbits a <liff’u8o circle of isolated 8tar.«pota. Itlmpontio rhubarb 
contains no omothn. aloO emodm, or rhem ; its most characteristic 
constituent ts ft crj'stalline glycoside, rbapouticm, which fluoreseos bhio in 
uJtm.vioJot hght. Its presonco con bo domonstmted by tho following tost ; 
Porcolftto 10 gm. of tJio powdered dnig with OO per cent, ftleohol ; collect 
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•S of tlM rcrcolate, ovopointo at Sff- to 7 gm.. »t,ok» VEoromly wMe 
rtiH aomi with 10 0 c. of ethor. lioor oH tlio othoieni eolution into 
Itak, cork ami sot asnio l necillo-sluilKal cij-Blab of rhnponticin will 
wparalo within twonty-tour houw. Tina teal aorves to rfontlfy the drug 
denved from B. rkaponlicum, and will dotoot it m a nuxturo of X l»rt 
of thoponiM rhubarb with 3 of Chinese, but m this ones ciyatola do not 

^Cpontls'rhubaA^olso contains chryaophonol, a erj^tnllmo siibstaneo 
cliryaopontui, C„H„0„ and a glycosuUi yielding by hydrolysis, ohryso- 



rha'jwiitin, C,«UnO,. Acconliiig to Ife-w the drug coiitamx, i» miditioo 
to rhR]>uiiticiii end chr 5 w>i»!iftnol. aith}-«lrQr 1 tA}>ontigi.'»ii>, rlmbarberoiio, 
cht^fiATOnc. KUieo-cht5*8nron<*, gntlic ockI nml rfjftix»ntic ncul. 

LhtruM nkaponiic Mubarb. Tliw ram«lj- lin? IrtttorJy bo<5n 
fiom aiiimj 11 clfwtj- rescmbl.-^ Kngiuli rliap<«itie but h H^uftUy darker. 
oftMi >io3]on’ til ilifv contro, tluj ecettou (•diibititig oitcninlmg ]>rt!».T mid 
tUrket coiiccntnc rings ond a >«Hovr rather tluin innk colour j it yields 
tlinponucm by the test dwcribeil n!)o%*e 

lUmjionttc rhubarb /TiiorMr« lingUt bliie m ultm-violct lighl and when 
ivfw.lcred and mixcsl wth iwwtW! aim(<se rhnbnrb tin, i«rticJi.'i can bo 
w-en la uhra-viojet Jight os Lrjgitt Uuo aiiycks m tlie veiwty-browti 

•iiu.* rsitK. ,, 
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ground colour due to'the Chinese drug. By using a pockot-Iens to examine 
an adulterated pounder the presence of os little aa 6 per cent, of rhapontic 
rhubarb can be detected by this method. 

Indian rhubarb is obtomed from Ithtum emodi Wallioh, which grows 
in the Hima layas. The pieces of drug are a good deal shrunken and are 
soft ^d easily cut. In ultra*violet light it fluoreacea deep violet with a 
certain amount also of velvety brown patdios. It does nai contain 
rhaponticin 5 it gives a positive reaction for onthraquinoue derivatives. 

Jfany species of Rutnex contain anthroqumon© derivatives and have 
been used as substitutes for rhubarb, B. aJpinw Linn., B. oUusiJdliiU 
Linn., etc. 

StmBUL BBIZOMB, Sombul Root, Musk Root, Radix SomM 

So^es. Tho botanical origin of commercial sumbul root is not 
definitely known. It la generally referred to Pmilo Sumbul Hooker films 



FlO, 140. Sumbulroot, Slightly reduced. {PhannaceutimlJoumal.) 

family XTroballiferte, a plant of considoroble size, growing in Turkestan. 
This plant, however, according to Holmes, produces a large napiform root 
that could scarcely furnish the cylindrical pieces, 3 to 6 cm. long, that form 
much of the commercial drug, although it was probably the source of the 
original drug, which was opporently obtained from a largo fragrant root. 
F. auawolena Aitchison ond Hemaley, has been suggested as yielding the 
commercial drug. 

DpsertptiOP. Sumbul root occurs in short, more or less cylindrical pieces 
that are usually from 3 to 6 cm. in width and about the same in length, 
often diving in the upper part mto two, tliree, or more branches. Tlio 
latter are occasionally not more than J cm. in diameter, and some of them 
bear a depressed scar left by the aerial stem after it has perished. The 
drug is spongy, fibrous and very li^it in weight. 

The outer corky surface is dark brown to almost black and shows 
numerous transverse wrinkles with enotrcliog scare of faUen leaves, often 
bearing short, bristly fibres which or© the projecting ends of the leaf-trace 
bundles. The corky layer is toi^h and shows a tendency to exfoliate anti 
QATi be peeled ofl almost entire. Tho transversely cut siuface shows tho 
thin brown external layer of cork and a very thin bark, within which is a 
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narrow pale yellowjsli ring of porous aryiem tuudles surrorntdiDg an 
abundant central parenehyrna throa^out which there are ^stnbuted 
irregular pale yellowish woody Btrands, the ground parenchyma being dark 
in colour with scattered darker ehmtng rwinoue spots. The fract^ is 
fUjroua, the odour agreeable and musky and the taste bitter and Blightly 
aromatic. 

Nds. SunibuJ riiizomo of modem commerce liaa not the characteristic 
musky odour of tho older samples. It has been suggested that this modem 
Bumbul is the pr^uct of Ferula waveoUtu Attch. and Hemal. 

Constituents. Very little definit© information is available about the 
constiluenta of eumbul. It yields to light petroleum about 17 per cent, of a 
yellow \'i3C5d oil, from which etj-stab of an unidentified substance were 
obtained ; about 6 per cent, of an aromatic, bitter ambor'Coloured resin 
has also been isolated; gtycosidal reams present yield, on hydrolj-sis, 
umbolhferono, sucrose, levuloee, etc. Free umbolliferone and traces of 
volatile oil are also present. 

Hies. Bumbul ia not much used in modem medicine. It is reputed to 
have stimulant and anti-spoanaodic properties similar to thoao of valerian 
nnd la prescribed in cases of hysteria and cortain nerv'ous disorders. 


FODOPHYLmU RBIZOSIE. Ifiay«apple Boot, Rhizoma PodopbyUi. 

FodophyUam 

Sottrees. Podophyllum is tbo rbixome of Podojphyllum pdtatam 
linn., family Berberidaoe®, a low-gromag woodland plant indigenous 
to t'-e coBtem United States o! America and Canada. It is obtained 
chiefly from plant© growing wild in V irginia, North Carolina, Kentucky, 
Indiana and Tennessee. 

CoUectios. The rhizomes are collected ui tho autumn, washed free from 
sod, cut into lengtlis o! about 10 cm. and cAtefully dried ; the alendor 
advonldtoua roots are often romovwl. 

Description. Tho pieces of rhizome are about 5 to SO cm. long and 
are usually unbranched, occasional pieces show branching and then 
often have the form of a Y. Tho rhizome is sub'cylindrical with 
enlargements at intcrvols of about 0 cm., tho cvlindrical parts being 
about 6 mm. m dsameter and tho calargements'up to 15 mm. thick. 
The surface is dark reddish-brown and nearly smooth except at the 
enlargements which have on tho upper surface a circular concave 
Btem-scar, about C to 0 mm. in diaroctcr, and on tho sides and imder- 
furfacc about twelve small circular root-scars, each about l-S to 2 mm. 
in diameter. The stem-scar is surrounded by a few concentric leaf^ 
scars, which somclimca have a small bud in tho axrl ; occasional 
scalo-IcftveH arc present on the cylindrical portions of the rhizome. 
A short piece of nerial stem is sometimes attached to the enlargements 
The IrarwTcrscly cut surface r« usuidly while and Btarcby with a circle 
of about twcnty.fivo to forty small separate vascular bundles surround, 
ing a pith, which occupira oboot half the diameter of the rhizome. Tho 
frwtuTc ja short and starchy, but in some apccimena it may be 
\-ellowtdi and born>- Tl.e drug has a slight characteristic odour and a 
iHlter and acrid tastc. 


lllriolcp, hxt<*ni«»> i« a Ui-iut ei^«ntut. excepting for those wnall 
teRions »}.oW«,8 *ca« left t.y the full of .toms, l-at-wi a»d rcots, where the 
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Fig. hi. Rhizomg of Fodopftyllum pelfatum Lixuu, A and B, upper and 
lower surfaces respectively of a piece of podophyllum rhizome, natural 
size. C, tran-svetee section through tho narrow connecting portion of a 
rhizome x 6. B, transverse section through ono of the enlarged regions 
carrj'ing the scar loft by the aerial stem x 5. ar, adventitious root ; 
b, bud of a lateral branch ; ere, scar of the aerial stem ; eA, cork ; cort, 
cortex , cf, calcium oxalate crystal j /.6.6., fibro*vascuIar bundles entering 
a branch; f.br., fibro-vascular bodies entering a root, fibre, 

vascular bundles enteni^ the aerial stem , I, scale leaf ; p, pith ; ph, 
phloem . xij. xylem. 
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covering conswts of thin-wallcd cork. Hjo epf<f<rmw consists mostly of 
elongatwl mctangular tabular cells, about 100 to 470ft long and 15 to 45/i 
wide, and o small amount of wwliamojnc cells about 20 to !40f* long by 
}5 to 45ft wide; all tbeso cclb Jiavo red-broTsm contents. Beneath tho 
oniderma thoro is usually a nmglo layer of cork cells. TJio abundant 
ground-tissuo consists of fairly thin-walled pitted, cellulosic jiarenchiTiva 
with ft email amount of collcnchyma ia the outer cortex ; most of tho colls 
contain Htarch grftins trhich are nomctimes simplo but usuolly two- to 
four* or mreb' 'ip to forty-compomid. individual groins being 2 to 16 to SOp 
m width Certain eoUa m tho ground tiwuo, especially m the enlarged 
regions, contain claster ciystaU of calcium oxalate, 20 to lOOf* m dmraotor 
ami often over 60fi. Bmall groups of poncj-chc fibres occur outstilo some of 
the \-a«cu1ar bundlofl, wlu'ch arc smafi, collateral and arc aeparated by 
fairly wide meilullaty mj-a. A few «ub-cylindrical, narrow stono-colls occur 
in tile pith on tho inner side of certain of tho \'TWCu!ar bundles. 

CkmsUtaeuls. Podophyllum contaitw two purgattve Bubatancea, 
jxxlojihyllotoxln, which is cryatallino. and a rosin, podophyllorcsin. 
'Xlio drug also contains qucrcelin, a yellow fiavonol denvative, and 
much Btarch ; it yields from 3 to 6 per cent, of oah. 

Podophj’llotoiin yields by treatment trilh alkalies, unstable 
gelatinous podophyllie acid, which easily Joses water and becomes 
ctyslalUnc pScropodophyllLn, an isomer of podophylloloxin. 

Podophyllin is a rcalnous precipitate formed by pouring an olcoboUo 
tincture of podophyllum Into 10 vols. of acidulated wator , it f# a 
mixture of the eonstUucQts of podophyllum. If 0-4 gm. of podopbyllin 
is added to 3 mils of GO per cent, alcohol and then 0 5 mil. of N/1 
poUMium hjtlroxldc and ^ntly shaken, podophyllin from P. peltatum 
does not getatiniso, while that from P. tmodi, Indian podophyllum, 
does. 

lUittomo of P. jxJMum in amall pieces or in |iowder can be distin* 
guLshed from that of P emodi by naaceratiug 0-25 gm. for ten. minutes 
In 5 mils, of atcohot, 00 per cent., filtering and adding lo tlie fUtrato 
0-5 mil. of a 5 per cent aqueous eolution of eopi>cr acetate when a 
bright green colour is producet! with P jKlIalum, but a brown preclpi- 
intc with /' modi. {Wallw and Goldberg, 1031 ) 

Bscs, rodopbjllum rhitome. or nt tho podophyllin obtained 
from it, a. gRBlro-intcstinal irritant. In large doses it produce.^ 
Inflammation of the stomach and intcsUncs which has proved fotaJ. 
In moderate do^cn it is a dnutlo jHirgatiro witli some cholagogio 
action, and Is much iiseil In ca.Hsi of comtlpaHon from hepatic trouble. 


BLOODROOT. RhUoaxa Suuroinatho 
Sourtes. B 1 <>kIk «.1 i« Ibcrbizonw* nf n Mrutll WtWclland |iiaf}{,.SW«iWi'TWf«a 
rufvj/fmsw Him.. famil> r*iwvrrncra». TJic plant is a low.crowmo; 

jvn-jinial nlymt |& an high, fonml i„ i|m c,vn wowUamU 
..f tl.« rft.Vm Lmto.i SiMf and i» <.’-aua.U. Tlie rhironv is tnlirctal tii 
Hm-i aiimmn. dr^wni of jt» jwls and drird. 

Dwcrfptfco- Tfi*' rhircrac orcara in aab^j-ImdrifAl, stroicbl or •lichtlv 
aj,r.ui 3 i„ lOfn,. „„j 5 15 ^ 


t-iirv»v, > -Y "• it lo m Him. fiiick , mnn> i'i»*epii 

ar». .iTivwlutt fUu<m«t iWiwntmlJy Bbftrt Utrml bnuiclir.* .«ur .>n 
s r—t*. wlwn 

*u»f***« .4 iJtf. thit «iv. i< •Ufk fMtUy Ktfy .tA.k rr,tdj.{«.tm.w« n 
l./Wrf t«Af« imiivroui. mMl) Tlif (enM«vi< 


■v«l tll»» 
'oly ait 
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surfftco nwy bo wliito and Htnrchy \riOi munorous smnll rod i>ojnt«, whoro 
the laticiforous vessels have Ih'om cut ncroas ; near tho l>orip}jor>’ is n circio 
oi about thirty small msculor buudloa. Somotimos tho transvorwo eurfoco 
is uniformly blootl-rod and luird and resinous owing to tho escape of tho 
rod latex into tho other tissues of tho rhizome. The fracture is shorty tho 
drug has httlo odour, but an unpleasantly bitter and ocrid taste. 

Constitiieilts^ Bloodroot contains Aro alkaloids, a red rosin and abundant 
starch. Tlio alkaloids are Hangulnarinc. which Is 077*81011010 and colourless, 
but j'iolds deep ro<l cr^-stolUno iialts ; chcloiythrino, which is colourless ond 

yiehbi bright yellow salts; 
protopino, found also in opium ; 
fi’ and ycholidonine, which aro 
colourless. 

Vses. Bloodroot in full 
doses doprossos tho action of 
tho heart, and pnxluccs nausea 
and ttimiting ; in smaller 
doses it increases tho appotito 
ond improves digestion. It 
has been used in atonic 
d>'spopsia, croup, bronchitis 
and asthma. Tho powered 
rhizomo is a powerful irritant 
of tho respimtory passages. 

ARNICA RHIZOME. Arnica 
Boot, Rhizoma Andcio 
JSonreos. Arnica rhizomo, 
or nmicA root as tho drug is 
commonly termc<l, consists of 
tho rhizome and roots of 
Arnica monlana Linn., family 
OomiwsitiD, a small plant witli 
o creeping i>oronnial riuzome, 
indigenous to Central Europe, 
and common in tho meadows 
on the lower mountain spurs. 
It should be collected in tho 
. autumn, after the norial ports 

Arnica r^omo. ^turol siw. (Holmesd have died down, and dried. 
Lower figure: Transverse section of 



Fia. 142. Arnica monlana. 


Description. Tlie riuzome. 


Wod-bundJes; f, medulJarj* rayt; 
c, pith; p, olco-resin ducts. X 10. 
(Berg.) 


is slender, nearly cj’lindrical 
and often slightly cur\*ed, 
obout 6 cm. in' length and 
about 6 mm. in thickness, and \*»rie8 in colour from j’ellowish-bronm to 
neorly black. From tho sides ond imdor surface numerous dark, brittle, 

■ scars of 
1 addition 
and often 
plant has 
mated, is 
its imder 

' pearance. 

Tlio fracture is short and tfie interior is often discoloured. 
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The amoothed trans\*orso eurfaeo ehowB externally a brotm 

cork ; a fairly wide whitish cortex in the inner layers of which is o ciwlo 
of darker olw-resin duets; a circle of about twenty vascular bundles 
},a\-ing a yellowish xjdem and separated by fairly Wide medullaiy raya ; 
and ft large whitish central pith. . . 

The drug has a faint but rather egreeabJo afple-like odour and ft bitter 

^ (^istitaeats. Arnica rhizome containa about O-S per cent, of volatile 
• — ■-*“ yellow and minutely 

i. . ... he dnig yields about 


iplicfttion for bruises, 
of effused blood. It 
‘dermatitis. 




Fio. 143. 
Joum.). 
p, pith . 
ua^. 


ItuUiui \’8!rrian A, habit eketcfa, natural size. {PAannocswticcd 
B. transverw Mxtton x 4. bi, bark ; r. cambium ; rJI:, cork ; 
r, advenittiotu root* ; rJ., Toot-trftce ; rs, thtzomo ; t, stem 


IHDIAN VAI^aiAK. BUzoms V«!etianio Isdicffi 


t rays eupportt<l ov'er ft wood tuo. 

^cripUoiL In^n valerian is a ilull yollowialnbrown, cylindrical 
rhizome, ahghlly fUttemxl doraj-venlrall}' an<l often slightly curved ; it 
f’Ccurs m pioeos alwtit 4 to 8 cm. long and 6 to 12 mm. thick. From eomo 
wiinplfs the roots ha\t> Iwn rMno^-«l, but in others the rhizomes bear 
munerww wirj- adiTotitions roots about 3 to 6 cm. long and I nun, thick. 
Tlie Rirfftce in marked with numorotts encircling leaf'scars and the sides 


by sboul twelve to twenty tmaiS i«Ic coloured xylem l^dlc* outside 
which 14 a distinct esmbtum Ime ; occasional root-traces leave the bundles 
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niid cro«5 tlio Imrk as- paler strands. The wlour and tnsto are similar to 
tlioso of Eurojioan vnlormn. 

Consfi ■ ■ ' "" ■’ ’* * ' i •- ■ • • 

to that ■ • . • 

ally cor . . ■ • . ■ ' . . • 

7 to 10 to S5 to 30 microns in dinmctor. Calcium oxnlato is absent. " 


HYDKASTIS HHIZOHE. Golden Seal Bhlzome, Rhuoma Eydrastii 

Soarces. Golden AenJ, efnmdmsi^ Li/m., fumily RanuncaUcc^, 

is a small hrrbaet'ous jilniit with pemmml rhizome, widely distrihuterl in 

woods in Canncia and thn 
oastem United States, being 
collcote«l in Ohio.Minnesotn, 
West Ontario, Georgia, and 
MisHoiiri. The rluzomcs are 
collected in the autumn. 

Description. The rhizome 
grows either horizontally or 
m an oblique direction in 
the ground; it is tortuous 
and sub-cylindrical, about 
1 to 0 cm. long and 3 to ID 
mm. thick. TJio surface is 
yellowish • brown and 
markedly rough from tho 
jiresonco of numerous 
remains of tho slender, wirj/ 
roots, arising from all parts 
of the rhizome and from 
numerous stom-boses and 
scnle-Ieavos on the upper 
surface. TJjo fmeturo is 
short and reamons and the smoothod tmnsvorso surfaco is dark yellow to 
yellowjsli-brown and lins a bark extrinling to about ono-thinl of the 
radius, a ring of about twelve to twenty narrow, bright yellow xj-Iem 
bundles, Nejwirated by fairly wido mcdullniy mj-s and aurrounebng a pith 
which occupies about ono-thifxl tho diameter of tho rhizome. The drug 
has a faint, chnractoTistic odour and a hitter taste ; when it is eho^Ted, it 
colours tho saliva yellow. 



Fio [14t. Hydrastis rJiitome. Natural size. 
iPA(Trni<J««Ucal JoHiwil.) 


incineration 

tfses. Hydrastis rluzomo is a bitter tonic. It is given in chronic 
gastro-intestmal catarrh an<l nasal inflammation. It is also u«ed ag a 
sfomachic and nervine htimulant, in monorrJingia and inflammation of the 
iitermo mucous membrane, and is emploj-ed locally in various kinds of 
ulceration and hannorrhago. 

Adidterants. Accidental admixture of other rhizomes, such as those of 
AristoJochia Serpentaria Linn., family AriatolochiaceJe, Stylophorum 
diphyllum Nuttall, family PapaveraceiB, Cypripedium pawiflorum 
Salisbury, family Orchidace®, have been observed, but they are all easily 
detected. 
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CmiAH PODOPHmrai EHIZOME. RUioma PodophjUl Indici 
Sources. Indian potlophyllnm rhizomo is obtained from Podophi/Uitm 
cmodi Wnllich, fomilj- Berberidacooi, » plant grotring frcoiy on the 
iiig'lier slopes oi the Hicwilayas. 

Collection and Preparation. The rhizomes of plant* not lew timn two 
yonra old arc dug in tho autumn ; they ftfo Wo» waxhoil with Wator. dnoil 
at first ui tho sun and fiimlly sprowl o« wina notting aujvportod about 
3 ft above a tiro plocod on tho ground. 

Description. The rhizomo is tortiions, Bub-cylindncal and sqih'’- 
what flattened dorsivcntrally ; it is about 3 to 8 cm long and 7 to 



Fio 145. Rhizome of puJopht/llurn E*wii Wall. A. upper surface of a 
rhizome, natural size. B, under Burfoce of a rhizome, natural size. C, 
transverse eootion of a rhitorae x 5. or.. odvontiUoui root; ek, cork; 
/bf, fibro^vaacular bundles entering » root , /.b » , fibro vascular bundles 
entering a stem , f, scale leaf : tn.r., medullary ray , p, pith with calcium 
oxalate crj’stals represented by dots ; pJk. phloem ; »f, scar left by tb» 
aenal stem 

15 ram thick ; numerous plump cylindrical roots, about 2 to 3 mtn. 
thick, are present on the sides and undcrsurfAco or their circular scars 
only may be present, tbobnttle roots having been broken ofl and 
occurring in large numbers loose to the extent of as much as 75 per 
cent, of the drug. The surface is yellowish-brown and has on the upper 
aid© about three to five cifcnlar or elliptical atcm-acars which aro 
closely arranged and are about 5 to 8 mm. in diameter, each having 
several bundle traces. The fracture is short and the broken surface 
IS starchy or homy. The emoothed transverse surface shows a ring of 
nine to eighteen, vascular busuilcB surrousv^g a large pith, which 
occupies about one-third of the diameter of the rhizome , the cortex 
is narrow and externally there is a thin brown cork. The odour is 
slight and charaeteristio ; the taste is bitter and acrid. Dust from the 
powder is very irritating to the eyes 
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Histology. Tho rhizome in covorod oxtomftlly by obout six Inyers of 
tabular, thm-wallcd, polygonal cork colls ; tho ground tissue consists of a 
fitout-wnllcd colluloeic pnroncbyma with siroplo pits and containing starch 
grains which aro usually two- to four-, tnroly up to twenty-compound, tho 
individual grains l>Ping usually 2 to 7 microns and rarely up to 35 microns 
in diamotcr, so that genomlly they at© tiinnllor than those of P. peltalum. 
Cluster crystals of calcitjm oxalato occur in tho parenchyma and mostly 
measuro about 20 to 30 microns, somotimos being larger, but never over 
CO microns — another distinction from P.petiatum. On tiio inner side of tho 
vascular bundles thoro aro ivjrimedullaiy groups of short and contortc<l 
ficloroids; tho olomentfl of tho xylem vessols also aro often rather short and 
irregular in shape. Tho roofs have a slightly papillose opibloma with 
strongly thickono<l outer and anticlinal walls ; tho cortex is wide and tho 
colls contain starch similar to that of tho rhizome, but calcium oxalate is 
absent ; botli oxodormis and ondoilormis aro su^rised and have wa\’y 
longitudinal walls ; the stole is four- to nino-arch and thoro is usvially a 
pitli composed largely of a central group of pittixl sclcroids. 

Constituents. Tlio constitnenta also are similar (o those of the 
American drug, but the yield of resin is usually higher (10 to 12 per 
cent.) and tho amount of podophyllotoxin greater (I to 4 per cent.), 
tho rosin containing approximately twice as much podophyllotoxin as 
tho resin from tho American drug, and being about twice as active. 
Tho two rosins may bo distinguished by tho following tost duo to Dott : 
Mix 0*C gm. with IG o o of 10 per cent, solution of ammonia and IG o.o. 
ol water ; stir well for fifteen minutes, filter, wash and dry ; tho 
insoluble residue ^m American podophyllin should not exceed 
O'OO gm. ; from Indian about three times os much will bo obtained. 

When 0’3 ml. of G per cent, aqueous copper acetate is added to tho 
filtrate obtained after macerating 0*25 gra. of tho powdered drug for 
ten mimitcs in 6 ml. of alcohol, 90 per cent., a brown precipitate is 
formed, ^is reaction appears to bo duo to the tannin in tho rhizomo 
and distinguishes it from P. petiatum. 

SERPENTARY RHIZOME. Serpentary Root, Virginian Snakeroot. 

Rhizoma Serpentariee 

Sources. Virginian »nakeroot is the dried rhizome and roots of 
Arietolochia 5'erpcntorto Linn., family Aristolochiace®, a small 
herbaceous perennial with a slender rhizome, growing in tho United 
States, to tho cast of the filississippi. 

Texan or Red River makeroot is obtained from Aristoiochia reiiculata 
Nuttall, a rather stouter plant, growing in tho south-western States. 

— *ho autumn and dried. Tho drug was 

. uso having been learnt from tho 
place in the London Pharmacopoeia 


of 1660. 



SEBPENTARY 

• ■ . ■ ’ . • • white bark. _ ^ 

■ '. , ' , . 'aur, a characterigtio campho* 

• ‘ , j ..-..<.*..1^ nnfl fiwfi taste. 

' a shorter 
TOing httlc 




Tfo. HO. Scn^ntArj’ rhizQmo. vl, Virginjan. if, Tetan Xatural sizo. 
{PAanrUKevtital Jo^^rnal.) 

1 per cent.), tannin, and a bitter principle, apparently an alkaloid, 

— s. <-.i . ». t*,. • • - •••identical 

with the 

Uses. Korpentary jxjsswwofl local ami general stimulant and tonic 
properties closely resembling thoso of valerian and cascariUa. It ia 
occasionally u»c<l in nervottv, despondent, and oxcitablo conditiorw, 
na well a."? in low fevers and fobrtio states. 

UQUORICK HOOT. Radix Olycynhixm 

g^nrecs. ^ 50II.X.J.W. — » *t . .4 • • 

8p*C»*S Ol • m 

CMltlvatwl 
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Spain, from which countries tho largest eiipplics are derived ; it is also 
^wn in Anntohn. 0. ^?<in<fuh/<ro Wald, and Kit. grows extensively 
in Kiissia, chiefly in tho basin of the Volga and j'iolds largo quantities 
of Russian hquonco. (7. tnofoeea is grown 5n Persia, chiefly in the 
valleys of tho Tigris and Euphrates; it is tho source of Persian 
Uquorico. 

Cultivation and Collection .1 Qhjcyrrhiza jjhj&ro reqwiroo a deep rich loom, 
carefully pn’X'ariMl nnil welt inanuml with fnrmynnl manure. Old Ijcad? 
of hquonco aro dividc<l into pioees, each having two or three buds of aerial 
Khoots. Tho«P pots aro p!anlo<I out iu Mnrdi at inters-als of ol>out 2 ft. in 
rows about 3 ft, n}»nrt. Tlie crop is inanunMl during the grmrth of tho 
green parts and, when the stems Irnvo clie»l dowi^ in tho aiitumn, they aro 
cut oft level with tho pqiI which w well worktsl over belwwn the plants. 
Tho fiohl H covcrctl with mamini', sriiich is dug in tluring tho following 
JIarcli, In Octolwr of the ihir^l yt'ar,.whon tho Icavos fall, tf>o plants aro 
(lug up, huds and rootlets aro removed and tho roots and stolons aro dried 
rapidly ID flic sun and finally in a heated chamber. 

Tlio drug from Spam anti Sicily U exported in bales or in bundles of 
fclrmght cyhndricnl pieces. It is marketed both in tho unpcwled and in tho 
pet'led condition. 

Description. Vnjxdfd Spanish liquorice consists chiefly of stolon 
trith n few pieces of root ; the pieces arc unbranched end may bo as . 
long as 1 metro and are from I to 2 cm. in diameter. Frequently tbo 
dnig is cut into lengths of about 20 cm. and bound into bundles with 
wire. Tlio outer surface is dark reddish.brown, longitudinally wrinkled 
and the stolon bears occasiotwl small buds, scaledcaves and scars of 
slender side roots. The smooUicd transverse surface of the stoion 
shows a thii\, bromi cork externally, a wcU-morked cambium lino and 
a central whitish pitli ; beneath tho cork there may be n very narrow 
cortex or phclloderm about 0*1 mm. wide •, tho stele has a radiate 
structure with about 70 to 100 palc-eoloured mednllarj’ raj's between 
radiating lines each consisting of a yellow xj’Jem with vessels and 
groups of xylem fibrva within the cambium and a yellowish-groy 
phloem 'rith groups of phloem fibres oltcmating with sieve tissue 

■ ’* * •’ ' The structuTo of tho pieces 

pith is absent and there aro 
tlary rays leading from tho 

centre to tho cork. 

Tiio fracture is fibrous in tho bark and splintery in tho wood. The 
odour is hint and characteristic and tho tosto is sweet, without any 
marked bitterness or acridity. 

Pcckd liquorice has a pale yellow, slightly fibrous exterior, which 
often shows longitudinal flattiah areas resulting from tho use of a knife 
for peeling. 

Penedered fi^uon'cc is usually made from the pooled root, which gives 
a product of superior colour and taato. 

Histology. SfoIoi\. Tho cork emwista of several radially oiranged rows 
of thm*wallc(l, polj'gonal, tabular cells, beneatli whieli there may bo n fow 
rows of parcnchjTma forming tho cortex ; tho paroncbjinatous periej'cle 
has small groups of fibres at intervals ; the raj's of phloem consist of groups 
of j'ellowisb and slightly lignified thick-wollcd fibres alternating with 
sievo-tissuo, which in the outer part lias collapsed to form ceratenchj*ma. 
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the 6iovo-ti''8U6 adjacent to the cambium being the only part which phnrr'T 
cteatly the aiave-tubea and , 

consist of groups of x 
strongly hgmfied, ant 

With a httle ^yie£a ■ . - ^44v&iy 

covered with bordere ujiwiae openings ; the fibres of both 

phloem and acyfem are in. bundles of about ton to fifty fibres* individual 
fibres having a diameter up to about 20/t i the raedullaty rays aro composed 
of ccHuIoeio parencJiyma, the rectangular cells being somewhat elongated 
radially. Slany of the parenchymatous cells, occurring m longitudinal 


Fio, m. Liquonee, Oli/etprhKa glabra. A, a stolon >: i. S, » root X 1 
C, transvwKr section of a alolon X 1 . D, ttamverea eeotiea of the phloem 
y. ISO. £, transverse eectran of iho X 130. f, radial loogitudmsl 
section of the xylem y ISO. b. bud ; c. eambmm j /. phloem fibres 
mr. medi^ry rayj p, pith; t.p . eie«.pl»to; «t. sieve-tube; v 
vessel ; */, xylem fibres , *p, xylem parenchyma I A. 13 and O from 
Ph'irmae4uUtal Jeunsal , D, £! and F after B. Oram.; 

rxnvs adjacent to the fibres r>t • , 


th 

at liiiia angles 
wards ; f*’'-"-'- 


. biuMs Wild on tho 
- ..»ws, jwedmg no cultivation. TIio plant 
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tl)at yields this root is Q. glandulijera Waldstezn and Kitoibel ( “ Q. glabra 
var. y-glanduUfera Begel and Herder). Instead of producing numerous 
runners this plant forms a large rootstock, from \rhich long perennial roots 
are given off. These are usually freed from the puiplish-brown cork by 
scraping. 

Nearly oil the Russian liquorice root that reaches this coimtry lias been 
peeled, and presents therefore a smooth yellow exterior, to which loose 
fibres are attached, the larger pieces being often longitudinally split. It 
attains a much larger size than the root of O. glabra, the crown of the root, 
which shows the remains of several steins, being occasionally as much as 
10 cm. in diameter. The texture is commonly looser and more fibrous. 

It consists, however, chiefly of roots ; their colour is purplish rather than 
brown, and the cork is often scaly. 

Persian Idguorice Jtoot. Liquorice root is also largely collected in the 
valleys of the Tigris and Euphrates from G. violacea Boiss. (= G. glabra 
var. B violacea) and exported in bales from Bussorah. It is usually unpeoled 

• • . i» • . , • . I 1 .1 T> — 


0. glabra. Some of the pieces of Anatolian liquorice root are of very large 
size, up to 6 or 8 cm. in diameter. 

Coustitueats. The principal constituent of liquorice root is the 
sweet principle, glycyrrhizin, which, when quite pure, is a white, 
crystalline, intensely sweet powder, soluble in water. This has been 
shown to consist of the potassium and calcium salts of glycyrrhizinic 
acid, a colourless, crystalline acid, slightly soluble in water, but 
imparting a sweet taste to it in a dilution of 1 in 20,000 ; it is not 
a glycoside, as was formerly supposed, since it yields on hydrolysis 
glycyrrhetinic acid and glyconic acid, but no sugar. Liquorice root 
contains about 5 to 7 per cent, of it. The drug also contains glucose 
(1*4 per cent.), sucrose {2*5 per cent.), starch (29 per cent.), an acrid 
bitter principle, proteins, asparagin, fat, and resin. It yields from 
3 to 4 per cent, of ash (peeled drag), and from 16 to 27 per cent, of 
aqueous extract dried at 100^, good samples yielding not less than 
20 per cent. 

(Slycyrrhizin is related to the saponins ; it has no hjemolytic action, 
but its decomposition product, glycyrrhetinic acid, has ; Kobert 
considers that this explains the value of liquorice as an expectorant. 

Uses. Liquorice root is a demulcent and expectorant ; the liquid 
extract is often employed to mask the taste of nauseous medicines. 

Adulterants, etc. 3fancliurian Liquorice root, possibly derived from 
Q. uralensia Fischer, may be distinguished by the following characters : 
The cork is pole chocolate-brown and exfoliates readily ; the woo<l is 
easier to cut and exhibits lacunse ; tho medullaiy rays ore conspicuously 
curved or wavy. Tt contains on average percentage of glycyrrhizin, hut 
not more than traces of sugar (Fahmy, 1023). 

Many other plants aro remarkable for their sweet taste, but the presence 
■ ■ ' ’ pioved onb' in Penondro dufcis Martins 

• !!■.,! Pradosta latescens Radlkofor (Monosia 

^ i‘ ■ The root of Ahrus precatorius Linn. 
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{Indian liqnorico, family LeguminoB»), Trijoliutnalpinum, Luuiv (mountain 
liquonce, family Legumiiiosso, Eunipo), ABtragalus GUjcyphyUos Lum. 
(family Leguminosaj^, Pclt/podium vulgare Lnm. (family Polypodiacs©}, 
Myrrhis odorata Scopoli (family UmboJlifeno). Onotiie epinosa Linn, {ffltoily 
Legummosw), eU., contain eweet principles, possibly ^yoyrrbizm. Tba 
leaves of Eupatorium Eebatidtanum (Cosily Compositss) contain eupatonn 
and rebftudin, said to be 180 timtja as sweet as sugar. According to Kobert 
oupatoriu is a neutral and rebaudin an acid saponin. 

Note, Stick Liquorice. Tlio manufacture of stick or block liquorice Is 
carri^ on chiefly m southern It«ly» but also to some extent in Spain, 
Anatolia, etc. The runners and roots of both wild and cultivated plants 
are collected, crushed, boiled with xroter, and prcsxod. Tho decoction 
tlms obtained is allowed to clear by standing, and W then run off into largo 
pans, where it is concentrated by boiling until it has acquired a suitable 
consiatenee, when it is formed into sticks which ore stamped with the name 
of the manufacturer {e.q , Solawi), or blocks {largely Anatolian) and dried. 

Stick liquorice contams approxiiiiately 10 to 13 per o«ait. of ^yeyrrhizin, 
13 per cent- of sugars, 23 ^r cent, of starch and gum, and 22 per cent, 
insoluble in water. 


GELSEMnm RHIZOME. Yellow Xasmlne Root. Radix Oelsemii 
Sources, etc. Yellow jasmine cemsiats of the dried rhizomes and roots of 
<?«f8«mium nitidum Michaax {0. ecmpervirtns Alton), family I/iganioeete, a 
climbing plant indigenous to the southern Unit^ States ; it ascends lofty 
trees, and forms festoons, scenting the atmosphere with its fragrant 
j-ellow flowers. It has long been known, but its medicinal use is of recent 
date. The rhizome and roote should be collected m the autumn. 

This plant should not be confused with Joeminuin nudij^orum Lindley, 
a yellow.fiowermg jasroine cultivated in this country. 

Descriptlco. The drug conelsta oi the rhizomea, to which portions of 
small and large roots, and sometimes of slender oenal etenxs, are attached ; 
usually the rhizomes end larger roots, cut into pieces about 15 cnv. m 
length, constitute the commercial drug. 

The rhizomes are generally in nearly atraight, cylindrical pieces vaiying 
from 5 to about 20 mm. vtv thickness, of a dark purplish-brown colour, or 
at least marked with a more or less distinct network of purplish Imea, tho 
intervening spaces being yellowisli-brown. This difforence in colour is due 
to the fact that the outer cork coUa are filled With a dark reddish-brown 
substance, th© inner with a yellowish ; by the growth of the rhizome the 
outer dark layer is fissured, disclosing tho paler inner layer. The rhizomes 
are hard, woody, and difficult to break, th© fracture being irregular and 
splmtery, frequently exhibiting m the phloem silky fibres, which, boweror, 
are much more conspicuous m the oonal stems. 

The roots are. on the averse, rather smaller than the rhizomes ; they 
may be distinguished by their imitorm yollowiah-brown colour finely 
wrinkled surface, end rather more emuous form. 

Tho aerial stems are usually eJendor, but may attain 15 mm. in thiekneas. 
They are of a dark purphsh-brown colour, longitudinally wrinkled or nearly 
smooth, internally whitish and hollow m th© centre. Ihe fractuied bark 
exhibits projecting strands of Bclerenchymatoua fibres. 

Both rhizome and root exhibit in transverse soction a comparatively 
^rrow bark enclosing a latg©, y»«ewi8h.white finely radiate wood , the 
latter consists of narrow xy]em.bundle% with small vessels alternating with ' 
distinct, straight, w^tiah rnodulkuy rays. The section of the rhizome is 
distinguished from that of tho root by the presence of a small pith which 
however, is more evident m the amaller (younger) than m the larger 
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(older) pieces ; it differs nleo from tlwt of tlio aoriol stem in the arrnngo- 
niont of the fibres in tlio bnik ; in tho atom these aro grouped into bundles, 
NVhilst in tlio rliizomo tlioy form nii intomiptctl ring of isolated fibres or 
grotipw of two or three (Sa3*rc, 1807). 

Tho <lnig lioR a bitter tasto, especially conspicuous in the bark, and a 
Very slight aromatic odour. 

Constituents. Oolaemitim rhizome contains three crystalline alkaloids, 
RolKcmino, CjaTIjjOjN,, flomxiorvmno,Cj,H|jNf, and golsomicino, CjoHjjOjNj 
(Forsytli, Mairmn and Stevens, 1045). Other constituents- aro 
motJiyfajsculolm, omotfin monomothyl ether, pliytostorol, rosin and fixed oil. 

Ooisommo must bo carofuUy difitinguiahod from golscmin, whicli is a 
pfAvdennl alo^djoho extract. 

Uses. (JclKomium rcsomblcs homlock in action but is more strongly 
doprcHsiint. It lias boon much used for, and appears to roliove, cortain 
forms of noiiralgm and sick hoadaelio as well ns rhoumntic ntul ovarian 

Substitutes. Tlio rhizomo of Josminum /rufteotw Linn., is said to bo 
colk’ctcd in tlio place of golsomium. It may bo distinguished by tbo 
colls of the pitli, which aro thin*wallo<l and full of starch, wIuId those of 
golsomiurn aro thick-wallod and empty. 

TURMERIC. Rhizoma Curcumee 

Sources, etc. Turmeric consists of tho prepared rhizomes of Cxircuma 
domtalicn Limi., family Zingiboracoai, a native of soutliom Asm, though 
no longer known in tho wild state. It is cultivated in India, China, Java, 
and other tropical countries. TIio rhizomo has long boon employed hotii 
AS a spico and as a colouring agent (Crocus indicus). It was known to 
Dioscoridcs, and described by ’ ■ • . i \ 

a yellow colour and bitter taste 

and is now conaidorod inforiot . * '• 

largely employed as a dye and os o condiment. 

Collection and Preparation, Tho rliizomos aro dug up after tlio herbaceous 
aerial stems have djod down ; thoro is Uion found an upright, bulfa-bhnjiod 
rhizomo, from which tho atom has sprung and to which povornl cyluidiieal 
(loHCondIng branches aro attaclicd. One or moro of tho latter, destined 
to produco aorinl stonw in tlio following year, will curve upwords ond 

• • • . n.| ,1 -rp tjjon 

• ■ which 

loy are 

finally driod oitlior in tho sun or m an ovon, ond (somotimos) sorted into 
“ fingers ” and “bulbs,” tho former boing tho cylindrical dosconduig 
brandies, tlio latter tho oroct, stom-producing ones. 

Description. Finger or long turmeric occurs in curved or nearly stroight 
cylindrical pieces bluntly tapering at each ond. Tho outer eurfaco is of a 
deep yollowish'brown colour, longitudinally wrinkled ond marked with 
transverso rings (lonf-scars). OccasionoHy they boar short knob-hko 

• ’ ■> . ’ . -• — » — {joon broken of?. 

. . ■ . . intoninlly they 

. . ■ nd tough Iionvy 

consistonco. Tho smoothed transverse surface oxliibits n paler (or somO' 
timfs darker) ring separating tho stole from tho cortox. Tins appoaranco 
of tho interior of tho rhizomoa is duo to tho piolongcd boiling th<ty undergo, 
by whl " ..only is tho starch golatinisod, but tho colouring matter, 

I • * .luin scattorodcoHs, becomes uniformly di/Tusoil 

tin, 
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Sulh or Tomtd twmtrK resembles U*o finger variety, but is, es its name 

uidicates, shorter and thicker , , . , 

The dnig has a chatactenslro atomatoo odour and taste, and when 
chewed colours the saliva yoUoW. , , , , 

Constitnents. Ttirmeric contama about S cent, of volatile oil, iwm, 
and a crystaUine yellow body, curcunun. These occur, in the frosn 
rhizome, in the particular Becrotingcellarnwhich they have been proaueett, 
bui pass during tho scalding into the surrounding tissue, the paren- 
chymatous cells of which are filled with amorplious maases of gelatiniseil 
starch. 



Fto US. Madras tamier/c. .d, longturmene. bulb tunowic. C, transverse 
section X 2 cic, scar left by remove! of e branch ; tt, cortex s e», 
ondoderniifl I le. leaf-scar, $. stelo, vb, vascular bundle (/I and B 
from the Journal > 

Vset. Turmeric « used as a condiment and eolauring egont, and tia tv 
reagent for tho detection of boric acul. 

Kota. East Indian Artowroot. OtherBpocieso{Ctircufna{(?. an^ei»/olw» 
Koxburgh, C. leucorhtza Koxbuigh) have paler coloured rhixome^ ; these 
ate utilised in India for tho production of starch, which la known a% East 
Indian Arrowroot.” 

Zedoaty {O. Zedoaria Roscoe). India ; circular ahees of a rhizome 
teaemhiuig bulb turmeric ; greyish or yellowish j starchy, aeotion exhibit- 
ing numerous oloo-rosin cells, ond bundles without sclerenchynifttous 
elements. The epidormis beam thick-walled, unicellular, sharply conical 
tnchonies, T&ste and odour rpsemblxng ginger but less aromatic. 

QIKOEE. Zingiber, lUuzoma Zu^ibetls 
Sources. Ginger consists of the rhizome of Zingiber o^cinah Roscoe, 
family Zingiberaceae, tlivested of its roots and prepared in different 
ways according to the commerml variety and the country of origm. 
The plant, which is a native of south-eastern Asia, is cultivated m 
many tropical countries, notably in the West Indies, India, Nigeria 
and West Africa. The moat highly valued kind cornea from Jamaica ; 
varieties from India and Africa are more pungent and leas pleasantly 
aromatic in tasto. 

CalUvatioa and Collection. The «ni ehould bo « well-dmined rich foam 
and the climate must possess an abundant rainfall or, m its absence, 
irrigation is necessary. In Jamaica tho situation chonen ig from 600 to 
l.&OO metres above sea-lovol. Tho plants are propagated from cuttings of 
the rhizonieB. which are drt-Klcd into snuill pieces, colled “fingers,” each 
of winch cames a bud. T7io euttings are set out at intervals of about 
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rhizotnea aro ready to bo dug in tho following Jaimaiy or February. 

Tlio plarits are forked up, buda and roots are cut off, mould and dirt are 
removed by washing. The rhizconeB are soaked over night in clean water 
and then the wliolo of tho dark outer akiin consisting of cork and a little 
undorlying parenchyma, is ncrapod away with a narrow-bladed knife. 
Removal of the buds prevents tho rliizoroes from growing out and tho 
scraping, by removing the inert outer layer, yields a better product and 
at the same tima improves tho colour and hastens the process of drying. 
Tho scraped rliizomos arc again washed and spread in a single layer on 
hurdloa raised about 1 metre above the ground and are allowed to dry in 
the Bun. The drying takes about fiw or six days, the rhizoroea being 
turned feo\*oral tiroes daily. Tlio product is known as '* imbleached Jamaica 
ginger." 

Unpeelfd commercial varietice of pnger ore often prepared by plunging 
the rhizomos for a few minutes into boiling water to destroy their vitality. 
Frequently tho ekm is removed from the flat lateral surfaces but is allowed 
to remain in tho grooves between the brandies. 

Such ginger is Imown as ** coated ” or " unscroped,” whilst that which 
has been completely pooled is called ‘‘sernpod." Sometimes, too, the 
rhizomes are treated with sulphurous acid or chlorine, or they ore dusted 
over With calcivun sulphato or carbonate which imparts to them a whitish 
appearance; ginger that has been treated so is tormed ** bleached" or 
‘* limed " ginger. Commercial ginger may therefore vary in appearance 
according to tho way m which it has been prepared for the market. As 
with nutmegs, limed ginger is undoubtedly leas suaceptiblo to the attacks 
of insect pests. Limed ginger is commonly washed and limed abroad, 
but is also usually rewaahed and heavily limed in London. 

Description. Unbleached Jamaica ginger occurs in branched pieces 
known as " races ” or hands.” These pieces are from 7 to 12 cm, 
long and up to 0'6 cm. high ; each piece consists of a horizontal 
rhizome from which branches, about 3 to 6 cm. long and known as 
” fingers,” arise vertically. The branching system is sympodlal and 
the whole piece is lateraUy compressed, being from 1 to 2 cm. thick. 
Externally the drug is pale yeUowish-buff, tho surface being longi* 
tudinaliy etriated end somewhat fibrous from tho projecting remains 
of leaf -trace bundles. The scraping boa removed all traces of root-scars 
and there is a small circular depression at the tip of each branch, 
where the bud has been cut out. Tho fracture is short with projecting 
fibres and is mealy or hard and somewhat resinous. The smoothed 
transverse surface is elliptical with a well-marked endodermis separating 
the cortex, which may occupy up to one-third of the radius, from the 
central stele ; a few root traces cross the cortex from bundles in the 
stele. The greyish vascular bundles are ecattered throughout both 
cortex and stele, being smaller and more numerous near the endo- 
dermis ; minute yellow points irregularly distributed in the ground 
tissue are the cells containing the volatile oil. The odour is agreeable 
and aromatic ; the taste is pleasantly pungent end aromatic. 

Histology. The entire ground tissue consists of cellulose parmchyma 
with thin-walled, rounded-polygonal cells, about 60 to 100;* in diameter ; 
tho majority of these cells contain starch grains which are flattened and 
oval-oblong with a terminal protuberance in which the hilum is situated, 
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stnations run across tho grains at right angles to their long axes. The 
starch grams are 12 to 60^ long, 20 to 30^ wide and 7 to 10>i thick ; only 
very rarely do compound grains occur. Scattered amongst the starch- 
bearing colls are colls containing yellow masses of oleo-resin and having 
cuticularised walls, Tho cells of tho endodermis and pericycle contain no 
starch and in the drug they aro collapsed. The vascular bundles are 
collateral and, with tho exooption of those in the neighbourhood of the 
endodermis, each has associated with it a group of fibres, usually arc- 
shaped and sometimes nearly surrounding tho bundle. Tho ^Icra vessels 
are annular, spiral or reticulate, tho thickenings being unlignffied ; the 
fibres are rather thin-walled and are unlignified excepting the middle 
lamella, they are up to 60^1 wide and I to 1*5 mm, long and often have 
deUcatb pectosio transverso septa. Accompanying many of tho vessels is a 
slender elongated coll, containing brown pigment. Calcium oxalate and 



Fio. ISO. Jamaica ginger, <#cinal€, longitudinal section, o, starch; 
/.fibre; i./., isolated fibre showing segmentation ; o.r., oleo-resin ; pg, 
pigment cell. X 200- 


eolereids are absent. Unbleached Jamaica ginger is froo from cork, but in 
the “ unscraped " varieties a cork composed of thin-walled polygonal 
compressed tabular cells is present. 

f C ■*"' ■■ * of a volatile ' 

, ... • . . Yho latter 

■ ■ ; ' 19 odourless, 

tut* has an intensely' pungent taste. The drug contains in addition 
resin and about 66 per cent, of starch. It yields from 2*4 to 5*4 per 
cent, of ash and 1*8 to 3*4 per cent, of ash soluble in cold water. 

The pungency of gingerol is destroyed by boiling with 2 per cent, 
solution of potassium hydroxide, while that of capsaicin or paradol 
is scarcelv affected. 

Jamaica ginger yields to cold water 13 to 20 pet cent, of extractive 
and African ginger yields 13 to 16 per cent. ; for genuine ginger the 
value should not fall below 12 per cent., but a standard often used is 
10 per cent. 
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Varieties. Cochin linger occurs in both the ecraped and coated varieties ; 
the latter bears on its ventral and dorsal wirfecerf^ but not on the lateral, 
portions of a reddjsh-grey eorJc, cowsely wrinkled both longitudinally 
and transvereely. The lateral surfaces, that have been irecd from the 
cork, are striated and of ft rfttber paler colour. The drug is usually ni 
smaller “hands” than the Jamaica, the branches 1“ fingers”) are 
commonly eViorter and thicker, and the aroma less agreeable. 

African Qtnger. Much African ginger is coated, the ventral and dorsal 
surfaces heating patches of wrinkled cork of an earthy-brown colour- TJio 
cortical tissue that sa exposed oii the Jatef&l surfaces ta soniotimea of a 
dingy groj' colour and lighter than the cork, eometimes nearly black and 
tlien much darker. The drag m balk is darkor than. Cochin ginger and 
appears discoloured from want of car© m preparation- i 

Ginger now cultis'ated m Sierra E,cone and in Nigeria la grown from 
plants originally imported from Jamaica. This drug is carefully prepared 
and is sinular to the unbleached Jamaican variety, but is less pleasantly 
pungent. 

Indian or Bengal Otnger la sometimes dark and partly coated, resembling 



Fio 161. .d, Cochin ginger (from ^ham. Joum.). B, African ginger. 
BodL X 


African. Ikluch is now carefully scraped and dried and resembles Jamaican 
in appearaneo : its pungency is more fiery. 

Jlalcon Otnger is snaTl, dull, dmgy, greyish-brown, and bears evidence 
of having been imperfectly peeled and carolesaly eunxl. It is of inferior 
aroma and pungency. It » an inferior grade of Jamaican ginger and la 
obtained by allowing a part of a “ hand ” to remain in the ground after 
the first crop has been collected and to grow without further attention. 

Of all the commercial varieties of ginger, Jamaica is the moat aromatic 
and African the moBt pungent. 

tyses. Ginger is largely used as a condiment, and medicinally as a 
carrrunaUve and aromatic stimulant. 


Adulterants. Japanese gin^^riwuisHy occurs m small flattened unscraped 
piecosi It IS not produced by ^ as many of the starch grains are 

compound and the .volatile oil differs m physical properties from that 
of Jamaica ginger ; it has been referred to Z. Mioga Roseoe. 

Enlisted giJ^er, which w genera-lfy m the form of powder, possesses 
unaltered starch and the structural detads are also unchanged by the 
^cess of extraction ; it is therefore impossifale to detect, this adulumnt 
by tho of the structural charactore of the powder. The extraction 
^ocess however modifies tho ^lufaih^ of the ash and also reduces tho 
^ount jielded to solvents, such aa water and alcohol, according to the 
typo of solvent ^od for the COTQtnereial extraction (see above under 
^"1“ f ? by water will reduce the water-soluble 

ash bj 70 to 03 per cent, at da ongwial amount. 
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GAIiAKGAL RHIZOME. Lesser OalasgaL Rhizoma Galangce 

Sources, etc. Galangal rhitomo is obtained from Alpinia oJlcuUirum 
ilanco, family Zingibornccao, a roodiiko plant, attaining about a motro 
in lioight, a native of and oultivated on the island of Hainan and the 
uoighbourmg aoutli-oast coast of duna. Tbo riiizomo is dug up in the 
autumn, washed, trimmed, cut into pieces, and dried; during tli© latter 
process the pale colour of tho fresh rhitomo turns to a reddish-brown. The 
drug la exported in bales made of split cone, plaited, and bound rouml 
wuh cane. 

Descriptioa. Tho drug consists of a branched rhizomo, about 12 mm, 
thick, in pieces about 6 or 10 cm, long, Thoso nro frequently cylindrical, 


leaves. Hero and there tho broken upper end of a root remains attached 
to the rhizomo. It is hard, tough, and difficult to break. 



Fifl. 1C2. Galangal rhirozno. Natural eieo. (After Oreoniah.) ‘ 

The interior of tho drug hos a reddish-brown colour. Tho smoothed 
transverse surface oxJjibits a stole, occupying about ono-tliird of the 
^araoter, and a wide cortex. In boUi of those regions paler flbro-vosoular 
bundles and numorous, deep rod, rosin-cells may bo distingi^hod. Tho 
drug has an agreeable, spicy odour and n strongly pungent spicy tas^. 

COBsUtuenU. Galangal rhizome contains a little volatile oil (eineol, 
methyl cinnamato), and a pungent oily body, galongol. It also contains 
three tasteless, yellow crystallmo substances, viz., kmmpforido, galangln, 
and tho monoraethyl other of galangin. 


pungent. 

ORRIS RHIZOME. Orris Root, Rhfzoma Iridis 
Sources, etc. Orris rhizome, or root as the drug is commonly termed, 



ORBtS 


m 


m derived from three species of /m, family IridaccK!, all of which are 
cultivated for that pur^se, viz. 

If* cermanica Linn., a handsome plant with dark bJuo or ^rpliah- 
hlvie aewers, dietrilmted o^-er central and southern EuroiJ. extending 
to Afnca and Indio, and a eonanon garden plant m England. It w 
titivated in Italy, especially in the nei^bourhood of Florence and 
Verona, and also m Morocco. . 

Jrw pallida LamaTck, with palo blufeh flowora, a native of the eastern 
Mcditerrenean countries ; it is also 
cultivated in Italy, and yields wrth 
I. gemanica the bulk of the drug. 

Jrt# fiorentina Linn., with large white 
flowers, also a native of the ©astern 
Mediterranean region, and cultivated in 
Italy, but not so abundantly as the other 
two. 

The rhiwjmes oi all three species closely 
r«>emble on© another and there are no 
known means of distinguishing them. 

They are dug up in the late summer when 
two or three years old, trimmed and 
peeled Florentine rhisomes ore dried in 
the sun on a kind of matting made of 
bamboo rods for about five days { th^ 
are then spread on a cool, drj*. tiled fioor 
for eight days and finally eort^ by hand ; 

Veronese rmzomee are usually strung on 
oorda. During the slow drying the 
rhtaomea, whi^ in the fresh state are 
almost inodorous and have an acrid 
taste, swqidre an agreeable fragrance and 
lose their acridity, 

Deacriptios. Orris rhizome occors 
usually in pieces from £ to 10 cm. long, 
up to 4 cm. wide and about 2 cm. of 
a dull white colour ; often dorsi-ventr^ly 
flattened and constricted at intervals or 
bearing one or two short lateral branehee 
at the apex Each of the enlargements 
corresponds to a year's growth of the 
rhizomo , the branches ara developed from 

buda after the ihiaoma has fienrered, which may not otrait for thr™ fc. 

3^vs. On the under surface are small dark circular sears of 
the tipper surfaee traces of the leaves, or Sifc of tI^W( 
th. general snrfac. shows namw lon^totoal lb»Lh ‘ 

nilg», dne to the peeling with a knito It t, hX”, t >'!• 

and breaks with aSTort fracture «'a! tvaaisw,. 

Ue smoothed tratuvcrse surface eahihifs^a laijm aWo*'r *■''"'7- 

bundles and a comparatively narrow corlar ^ conteimng watvr*rf 

of the radius. ' “'"Tying hVart or«-,«t,s.re 

«:■ or M per cent, of a ySSlhT wt2S”.’r.SS-'’'‘r^ 
od or butter of orta ; this consiau k.v/w/. ii«i 

myiWic together with frone, M > "< 

tiolets. I™»Mh,c„ly.rcm,;hsASt?|£!!,K:J''%''^::^ 



Fio. 153. 0ms rhizome. Ithi- 
zome of In* fftrmanica. a, 
- coasirictiooA indicating wint^ 
growth ! fc, 6, young branches ; 
e, scat loft by previoiu year's 
Bowering shoot. (Twhirch. 
after Hartwieh.) 
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nlso^ contains iv cryatallino glucosido, iridin, whicli ntmt bo carofulJy 
distingiiisiiod from tJio bro^vn, rcRinous, eclectic remedy of the Rnmo name ; 
tho latter is obtained from the rhizome of Iris versicdlor Linn., see below. 

Varieties. Florentine Orris Hoot is usually n'early white in colour, 
carefully peeled, plump, and very fragrant. 

T^cronesfi Orris Hoot closely resembles the Florentine, but generally has 
a yellow colour, is rather less carefully peeltKl, often more svrinkled and 
more elongated ; moat of the pieces nro pierced with a small hole at one 
end, by which tlioy wore strung during the drying. 

Mogadore Orris Hoot is altogether inferior to lioth tho foregoing varieties. 
It 13 in fitnallor, flatter, ami more shrunken pfcces, which often boar at 
their apices tho shrivelled remams of numerous concentrically arranged 
loaves. Patches of roddiah cork are loft attached to tho drug, which is 
of darker colour and inferior fragranco. 

Indian Orris Hoot is very inferior ; it is small, dark and has little 
fragranco ; it is occasionally importdl from Bombay, 

Uses. Orris rhizome is used os a perfume, dentifrice, etc., although 
formerly medicinal qualities wero attributed to it. 



Fio. 154. Aeorus calomua rluzomo. A, upper surfoco of rhizome. JB, under 
surface of rhizomo. C, transversely cut surface X 2. ct, cork; ct, cortex ; 
r, endodemiis ; I,*., triangular leaf-scare ; r root-trace ; f root sear ; 
a, stele; v.b., vascular bundle; u», wrinkles. 


SWEET FLAG BHIZOME. Rhizoma Acori Calami 

Sources. -.j— ■*-<—» CaMmiw Linn., family 

Aracem is a . • il Asm, but has become 

widely chflus , ^ ■ i -1 »tsolf in England ns a 

wild plant on tlie edges of lakes and streams. It is collected chiefly m 
Holland, East Prussia and Gahcia. . 

' Collection. The long, creeping, horizontal rhizome is collected m the 
autumn, trimmed, cut into pieces 10 cm. or more in length, and dr^d. 
Sometimes it is partially deprived of its cork by peeling or scraping ; but 
this IS inadvisable, as the peeled rhizomes yield less volatile oil than the 
unpeeled. , . - . 

Description. The rhizome commonly occurs in pieces about o to lo cm. 
in length and 1 to 2 cm. in thickness. They are covered with a thin 
brownish cork and are much shrunken, bearing ileep longitudinal ivrinkles. 
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Tlipy aro marked on the upper surfaeo with Jai^e triangular leaf-scars that 
encircle the tliizome, epnngmg from each side altomatoly > to these scars 
fibrous leaf'troco bundles are Homefunes attached. The under surface 
bears an irregular zigzag line of small raised root-scars that are circular 
and exhibit a central stele surrounded hy a narrow cortex. Occasional 
pieces have a lateral branch. Tlie scraped rhizomo is of a pale brownish-buff 
colour, has a roughish surface, and b^rs less conspicuous scars of leaves 
and rooti*^ 

The flnig breaks with a short corky fracture, and is pale brorni, or nearly 


bundles. 

The freshly fractured drug has an agreeable aromatic odour. The taste 
is disagreeably bitter and pungent. 

Constihieais. Sweet flag rhizome contains from 1*6 to 3*5 per cent, of 
an aromatic volatile oil, the rJiie! aromatic constituent of which is asaryl 
aldehyde. It contains also an amorphous bitter principle, acorin, yielding 



Fio. 1155. Couch RrsM, AQrop'jron reptn$. A, pieces of chopped rhizome 
X 1-fl D, transvor»o nocHon of rhizome x 16. C, transverse ecction of 
riiizomc of Cynoilon ilnft'jUm X 16 a central atr-rpneo , ct, cortex ; 
rp, cpidcrmH , li hypo<l<?rmol sclercnchynia ; f. lacuna ; p», ponrj'clio 
s'-loTt'nrlijTTin . r 6 , vascular bundle. (li and 0 after Small.) 

by oxidation ocorrtin and by tn‘a(mcnt with ockU or alkalies volatile oil 
and sugar Tlie drug contains an obundanco of starch and a IittJo tannin. 

Uses. Tim drug has stimulant and tonic properties ; it has been used 
for nguo and for atonic dyspepsia. 

COUCH QR^S REHZOBIE, Rhlzoma Ttitwi, Eadix Uiatahtis, TtiUcom 
Bepens 

Sources. Tlie couch gnww, Agropyron rtpena UcauTOia (rrttienm repens, 
Linn ). family Gmminca!, is abundant in this coimtrj' being often a 
tmiihle^orne wml. It profliices a slcniler rhixomo nimiing for a consider- 
nWe di-^tanre jmt lieiow the mjrfnco of Iho groiuid, giving off lateral 
l^iicben, ami at the m-les. wlurh arc S to 3 cm. apart, small fibrous nxita. 
rhe rluzome is cr.lJ.>ct«Hl, cut into pieces about 1 cm. Icmgrand ilrn-d 
UescriptlOD. Couch gnwi usually occura in short cylindrical piecca 
niKjut 3 to CO mm long and 2 to 3 or ‘ ' 

mirfnee h liarrl. sm'sitli, glabrous, 
jcllawnh-hroWii, ami on some pu-ccs 
scars or short pieces of the sletider n • 

traoNX-rri^cly cut surface- shosm a central hollow, excepting at the nodes. 
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nnd gives a brovm colour with iodino showing on absonco of starch. Tiio 


bundles ja partially ombodded; thoro nro n few ecattcrod bundles in tho 
cortex and a hollow in tho contro of tho pith. TIjo epidermis consists of 
longiludmally arrangod rowa of toctangulat colls with wavy wallR, pach 
row consisting of elongated colls, which aro about oloven times as long ns 

’ ' ’ * ’ ’ * together about ono- 

ndodomiis is strongly 
• Stomata nro absent 

, in that of tho eoalo* 
lonves. Trichomoa, crystals and starch aro absoiU. 

Constituents* Couch grass contains a carbohydrato, triticin (6 per cent,), 
which is not very soluble in water, and yields by hydrolysis bovuloso. 
Mucilage, inoeitol and mannitol are also present. Starch is absent. 

'OSCS. Couch grass is used as a flitirotio and demulcent, especially in 
certain complaints of tho bladder, in gout and rliot>mnti«m anti in 
association wuh aperients. 

SubsUtuto. Tho rhizome of <log*grass or Bormtjda gross, Oynodon 
doctyfon Pers„ 5s often Bubstitutc^l forcouclt grass and is easily distinguished 
by tho prosonco of abundant starcli and by tho absence of a hyp(Worraol 
band of eolorcnchyma in ilio trunavemo section. 

COIiCmcmH com Oolchlcom Root, Radix Oolchici. Colchicl 
Cormus 

Sources. Colchicum corm is tho fresh or dried corm of Ct>lchk\m 
aulumnalc Linn., family IdHnwto ; tho plant groun throughout Europe, 
in England it is local in distribution, btit is abundant in moist, licit 
meadows in certain limestone districts, notably in Qloucestersliiro, 
Horofordshiro, Hampshire, Oxfordshire and Warwicksliire. 

Cultivation and Collection. Tho drug is collootod cliiefiy from wild 
plants, which aro often removed when a field is ploughed. Tiio corms nr© 
often collected in Juno or July, at which lime they aro in tho best condition, 
tho loaves having withered away and tho flower not yet havuig appeared. 

Seed may bo sown as soon as it is ripe, in Soptombor, in a moist aliadoil 
spot and covered thinly with soil ; tlioy gorminato during tho winter and 
early spring, Wlion oiio year old tho corms may bo planted in. tho field 
about 60 cm. apart, and at tho end of tlie third year they may bo collected ' 
in July. Flowering usually takes place in August or early September of 
tho fourth or fifth year. Plants may also bo propagateil by planting young 
wild corms, wjiich should bo buriwl at a depth of about 20 cm. They 


making a juico or extract or they may bo driotl and stored for use as 
requirwl. If they are dried, tho conns aro out tronsvoreoJy into slices 
about 0'6 cm. thick and are <Mod at a gentle boat not exceeding 65® C. 
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Tho membranous remains of (he outer scalce are remo^'ed from (ho finished 
product hj' winnovring. 

Description. The fresh corm is hluntl)' conical and flattened on one 
side. It is 3'5 to 4 cm. high, 2*6 to 3 cm. wide and about 2 cm. thick. 

*v 1 . .f c J ,r : ■ .* .1 . . * . . I *. *, . 


of last season’s flowering stem and, ranntng from apex to base of its 
surface, vascular bundles may bo seen as faint lines. Scars of tbf* 
fibrous roots are present at the ba^. Internally the corm is firm, 
white, and fleshy ; it has a disagreeable odour, and exudes, when cut, a 
bitter juice that is white and milky from the presence in it of numerous 
starch grains. 



o 

corm, CofrAwttw /f, flat surface of a corni 

paMicrwl in June, aflrr rcrao>'aLi of brown outer scale. It, tronarorso 
j^tion of Ihn Mmc. C, (ongituJinal aection of the some. U, coramerclal 
f “P”* eorm. (itarch gnina at bottom of drawing 120. 

. Duit for ^xt an&eoa'a flowering stem; e, brown outer enrelopo} 
j. remauM of the flowering stem of last season ; /.r.6 , vascular bundle ; 
where corm ho* broken away from the parent eorm j ir, region 
oere much shrinkage Occurs during dij-ing. [D from Phann Joum.) 

p. slices are from 2 to 6 ram. thick and obout 3 cm. wide. 


xtarwrcive surface shows a while, mealy ground tissue in 
* are numerous acaticrcd vascular bundJes, appearing as greyish 
I leces from the anox and liaan of tin* rorm am ■iili.ennlr.Al end 


which 

the apex and base of the corm are *ub.coni^I and 
frapcctivoly. The fraclure is short and starchy; the 
drug U Ihodofoua and has a bitter taste. ^ 

Bi 
ecUn, 


consist* of rectangular to polygonal tabular 
l«l«L ip *^dlh or length with bnjwtj. m<b«tinctly 

rirniUf in **'•!«*' Contain* oeeasional stomata, nearly 

If!."’'’' , ***® ronsisf* of a thui-wallerl. 

paimebjina with atarrh grains winch are smiylo or 
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more usually compoutul with two or throe or sometimes four to seven 
components svhich are often mullor-shaped ; the hilum is central and often 
a radiate split. Individual grains are 3 to 16 to 28ji in diameter. The 
vascular bimdles are slender, collateral and run longitudinally through the 
corm ; the xj'lera vessels ore narrow, spiral or annular and about 30;« in 
diameter. Colchicine is found m the epidermis and in a sheath, one cell 
thick, surrounding each vascular bundle. 

Constituents. Dried colchicum corm contains up to about 0-0 per 
cent, of the toxic alkaloid colchicine. The drug also contains abundance 
of starch. It yields from 2*2 to 2*4 per cent, of ash, 

TTses. Colchicum is chiefly used to relieve the pain and inflammation 
and shorten the duration of acute gout and certain gouty affections, 
but is liable to cause intestinal pain accompanied by vomiting and 
purging. Colchicine induces polyploidy in seedlings treated with a 
weak solution, about 0-4 per cent. 

INDIAN COLCHICUM. Colchici Indici Cormus 

Sources. Indian colchicum is the corm of Colchicum luteum Baker, 
family Liliacese, deprived of its membranous coats and dried. 

Description. The corms are brownish and translucent or palo-buff and 
semi-translucent or, more rarely, opaque and cream-coloured or brownish- 
grey ; usually ovate in outline and plano-convex with a slight contraction 
of the convex surface at the level of the oval scar marking the area where 
the corm was attached to that of the previous season and the margin of 
which exhibits scors left by the removal of the fibrous roots ; the outer 
surface of the corm is marked by indefinite and irregular longitudinal 
Btriations. Some conns are broadly ovoid, about 30 to 45 mm. long. 
15 to 25 mm. wide and 7 to 15 mm. thick, with a longitudinal groove 
2 to 9 mm. wide, sometunes very shallow, and extending the entire length 
of the ^t surface ; the oval scar is about 3 by 5 mm., dark in colour and 
occurs at the base or at a position one-tenth to ono-half of the length of 
the corm from the base. Other corms aro elongoted and finger-like, being 


Histology. Externally is a brown epidermis of sub-rectangular tabular 
cells about 68 to 80 /a wide, 90 to 140#t long and 16 to 20#t high. Small 
scattered vascular bundles with narrow spiral vessels traTOrso the paren- 
chyma which contains very abundant starch, much of which is gelatinised. 
The starch grams ore simple and rounded or more usually compoimd with 
two to three and sometimes four components, which are muller-shoi>ed 
with one or two flat facets ; individual grains are 8 to 24 to 22\i in diameter ; 
the hilum is either a point or a two- to three-radiate split. 

Constifuents. Indian colchicum corm contains about 0-21 to 0-25 per 
cent, of colchicine and an abundance of starch. 

KOOKJ 

Classification of Roots 

1. Wide bark and a small ceniral tcoody core. 

Ipecacuanha, Dandelion. . 

2. Narrow bark, large radiate icylem. 

Alkanet, Rbatany, Senega, Denis. 

3. Narrow bark, parenchymatoM xylem. 

Calumba, Brj'ony, Gentian, Jlarshmallow, Belladonna. 



IPECACUANHA 


349 


4. Lar^e. ^nm^ymalous pith. 

Aconite, Sarsaparilla. 

5. Lorgc jjarcncftjfiTMitoue xyl(Vi^ioiiktirti<iry formations. 

Jalap, Ipomcoa. 

JPEGAGCANHA. ROOT. Radix Ipecacoanhro, Ipecacuaj^ 

BoQTcea. Ipecacuanha root consists of the dried enlarged 
adventitious roots of GephceliS Ipecacuonha (Brot.) A. Rich , family 
Ruhiace®, a plant which grows in forests in many parts of 
Brazil, especially in the province of Rfatto Grosso, whence comes the 
most highly prized commorcial variety. It is cultivated in IVIinaa 
Geraes (eastern Brazil), and these roots have a shghtly d^erenfc form. 
The drug has been successfully produced by cultivation in Bengal, in 
Burmah and in the Malay ■Peninsula., north of Bingapoto (Johoto). 

Collection. The plant produces a slender rhizome, ascending at tlio Up 
to form an aerial stem The rhizotna bears fibrous roots, many of which 
become much thichoned and it is theso which form the commorciol article. 



Fio. 167. Ipceocusnluv. A, Itio ipecMuanha root. B, Carthagooa 
ipecacuanha root. C, rhizoma of Rio ipeoacuanha. D, transx'erse Bootion 
ofCxfl. a. aiuiulattoiu : c, cambium; ct, cork, cl. cortex, m, pith, 

P, pcricj-de ; ph, pbtoem ; r, ridgo ; rl, root ; «, rhiromo ; w, woody 
cylinder denuded of bark j ry, xyletn. 

The plants grow in clumps in the woods and a group m UEtod. from the aoU 
by inserting a pointed stick beneath thorn, the oarth is sliakon off and the 
roots nro dried m tho sun ; any remaining adherent sod is removod by 
ahftkuig tlio dneil roots in «ioVo«. TH© product is X‘'‘*hed ia halos of about 
1 cwt. for oiporl. 

Description. The roots of Jfatto Gtvsso or Bio ip€&icmnh<i are 
Rub-cylindrical, slender and rather tortuous, usually 4 to 7 cm., 
aomptimosup to 18 cm. long, and 3 to 6 mm., rarely up to Gram, thick ; 
tho surface is dark brown and sometimes has a brick-retl appearance 
owing to adherent e.srth ; they are nuirked by transverse constrictions 
or fissurca which may reach as far na tho wooS and giro an appearanco 
of al)Out eight nnniilntions per centimetre; the fracturo Is short and 
rf<tarchy or homy in tho bark, but aplinteiy in the wootl. TJjo frans. 
vrrsely cut surface sliows a cc'ntrol core of jvllowish.whito dense wood, 
occupying about one-thinl of the diameter. Burrounded by tho 
e-smbium line ond a wide groj-ish barkwith a thin bnnvn cork e.xtcmally. 

i‘7frfrw, which nro ahraj's present in (ho drug, aro recognised bv their 
Blender uniforroly cylmdrical Bbape.nliout I to 2 to 3 mra in dboietcr, 
by the longituilmnlly striated ennace, upon which scars and oceasioruil 
buds may lie found and by tho ntiscnce of annulations. In the trans- 
vtivly tut surface there is a central pith, about ono-sixth of the 
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total diameter, surrounded by a ring of dense yellowish xylem, about 
0*76 mm. wide, covered externally by a narrow bark. The com- 
mercial drug often contains from 3 to 24 per cent, of stems and 
sometimes ns much ns 40 per cent., see Fig. 157. 

Tlio drug has n slight odour which, to many persona, is particularly 
unpleasant ; the taste is slightly bitter. The powder is often very 
irritating to the throat and nostrils, producing violent coughing and 
sneezing. 

HislolOCT ®f IpocacunLnhn. At the centre of tho root ono may often 
find tlio triarch primarj* xjdem well defined, ospocinlly in stained sections ; 
surrounding this is a dense wood composed of secondary xj'lom travorswl 
by medullary rays, all tho olomonts boing lignified ; oxtomal to tho wood 
is a narrow band of secondary' pbloom and a wide parenchymatous 
phollodorm, beyond which is a narrow layer of cork. Tho secondary 
xj'lom consists of narrow tmclioKlabvcssoIs and tmclioids, both haring 
bordered pits, associated with xylem paronch>Tna j the segments of the 
tmcheidal-vessols usually have tho communicating openings on tho side 
Walls near tho ends { tho coifs of tho xylem parenchyma Iiavo simple pits 
and somo of them are developed os substitute fibres, they all contain starch 
grains, ns also do tho colts of tho modulinty raj's. In tmnsvorse sections, 


round-colled collulosio parencbjina fllle<l with starclj gmlns, excepting a 
fow scattered idioblasts, oach of which contains a bundle of acicular 
raplUdcs of calcium oxalate, tho crystals boing about 30 to 80p long. Tho 
starch grains oro mroly single, boing mostly two- to four-, sometimes up 
to oight-compound, individual grains measure about 4 to lOp, but do not 
oxcc^ iSft in dinmotor. In powilered ipecacuanha the bundles of 
mphidos oro frequently broken and tho crystals are scattered singly 
throughout tho powder, 

Tl;o cell forms present in tho tissues of the etem resemble those of the 
root with tlio thin-wnlled parenchj-ma of tho pith and tho eclercnchjTna 
of tho poricycle. Tljo poricyclio 6cloronchj*ma consists of a single, here and 
there double, discontinuous layer of more or loss elongated rectangular 
colls with thick and pitted ligniflod walls ; these colls are about 85^1 to 
120ix long, 20n to 26{i wide and 20ti thick. Tho number of seloronchymntous 
colls present in tho stem is 33 per mg.,and this figure may bo used to deter- 
mine tho proixirtion of stem present in powdered ipocacuanlia (Ltrpton, 
1038), see Fig. 168. 

Constihients. Ipecacuanha root contains sovemi refated alkafoicfs, 
about 0-4 per cent, of a crystallisablo glycoside ipecacuanhin, about 
30 to 40 per cent, of starch, calcium oxalate, an acid saponin, and 
ipocaouanhio acid, tho exact nature of which is not very clear. . 

Tho amount of total alkaloids present is about 2 to 3 per cent. The 
alkaloids are emetine, cepbaelino, psychotrino, fi-mothylpsychotrino, 
and emetamino : they are closely iclatcd chemically, emetine being 
• ^ ,, ^ 1 — .1 . ...1 .1 *... 


alkaloid present about 66 to 72 per cent, is emetine and 26 per cent. 



FjO. 15S. RiO ipecacuanha root, ^.traoavorseeectian x IS. transverse 
section of enter part of the root X 60 {starch is omitted}. <7, group of 
phJoem. etc-, X 200. J>, starch granules X 700 E, eclercids from the 
pericycie of Ihestem X 200. e, cwubmm, cl, corh; w, acicular crystals 
of c&icium oxalate ; mr, medullary my ; pd, phelloderm , pj, phellogen , 
ph, phloem j ary, xyletn. {d irfter Colhn, B and C after Tschirch, D and E 
after Greenish ) 


cepha€line, the ce^hafeline being cbiefly emetic, while the erpectorant 

• ■ the root, but 

• ■ ■ ■ . ■ . . 1*5 to 2-3 per 

cent, ol total alkaloid. 
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^ Csrihog^eoa Ipecaouaoha has been referred to Psychotria acuminata 
Karsten and is imported from Colombia. This root shows a general 
resemblance to Rio ipecacuanha, but is larger, being about 3 to 9 mm. m 
diameter. Annulationa are not present, but the root js marked by 
transverse ridges about 0*6 to 1*0 mm. wide, which extend about halfway 
round the circumference of the root and fade off at their tapering 
extremities mto the general surface ; there are from one to six of these 
ridges per centimetre. Many of the starch grama of this ipecacuanha are 
larger than those of Rio ipecacuanha, individual grains measuring up to 
22(1.. It contains the same alkaloids as the Rio or Matto Grosso drug and 
m about the same amount, but the proportion of emetine is only about 
30 to 40 per cent, of the toml. 

Nicaragua Ipecacuanha resembles a small Carthogena root. It yields 
2*0 to 2*76 per cent, of total alkaloid of which 20 to 25 per cent, is emetine. 



Pro. 169. Undulated ipecacuanha {Ricftardacnia ap ) A, root, natural 
size J?, trans\'erse section x 10, showing the porous v’Ood {Planchon 
and Collin.) 

Minas Ipecacaanha is the produce of plants cultivated in the province of 
Minas Geraes ; it is usually carefully cleaned ancT, although closely similar 
to the Matto Grosso variety, its surface shows the presence of some ridgos 
like those of Carthagena ipecacuanha. Its constituents aro the some as 
those of Matto Grosso ipecacuanlm, but the proportion of emetine is about 
60 per cent, of the total alkaloid. 

Indian or Johore Ipecacuanha is rather larger and brighter in colour 
than the Slatto Grosso variety which it closely resembles in structure and 
constituents. The proportion of emetmc in the total alkaloid is about 
50 per cent. ; the total alkaloid jiresent is about 2-0 per cent. 

Uses. Ipecacuanha is largely used as an expectorant and emetic ; 
it also possesses diaphoretic and cholagogue properties. One of its 
most important uses is as a remedy for amcebic dysentery, for which 
purpose large doses are given ^0 to QO grains). One part of emetine 
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in 100.000 hM been shown to he f#fal to Etilamaba TiittoJylica, tho 
amccba of tropical dysontoo*. 

Salatitates 1* EattStviianKoot. Uadeithisiuimatlusthizooieofasinan 
tnonocotyle<lono»i 3 plant, probably Gryplacoryne spiralis Fischer, family 



Fta.lGO, Loaaor striated ipecacitanha. root. tiatursl size, cut traasi'eneJy 
to show' tho dark bark. S, tronsvereo section x 10, showing the porous 
«rood. (Planchon and CoUut.) 



striated ipecacuanha (2*syeA<rfno rmefica). A, root. 
Mivsrftl miB. 0 , troniverso section, showing the denso wood. X 10 
(rianchofiimdCoUin,) wu. a jw 


<ho fwlh of India. It oaciu. in than. 
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for tn‘itocul of tho ecntml cohann of flenso vfoo<1 thero la n parenchyma^ims 
Htelo. tJirongh w3nch fcattoie<l bamlloH run ; oxii'nifilly i« n wluto starchy 
cortex. 

2. Undul<!t&l Ipccficuatihat ilorivwtl from IKchardtonia scabm Siifnt 
Hilairo, family Rnbirtccro (Brazil), occurs m tortuous pieces, tho upper ]>art 
being cyliiulricni niul bearing ftt tho crown tho remains of numerous, veiy' 
sleiuler, nerml stems. On ono side of tho root tho bark is occasionally 
fissuied nearly to the wood, and this gives tho drug an appearance 
sKnulatiiig the quite tlifforonC regular nnmdations of Brazilian ipecactiaulw. 
The transvor«o Rcction exliibits n porous wood, and a thick, starchy hark 
often violet in colour. {Soo Fig. 169.) 

3. Lesser Striated Jpeeaeuanha. Tins drug, srlnch is occasionally found 
on the market, is derived from Mansttm ignita Schumann, family Bubiaccffl ; 
It possesses ft Btnrchy, violet (often dark violet) bark and porous wooti, but 
IS distinguished from the foregoing by*ita rlatkor colour and stouter aerial 
Btems. (ScoPig. 160.) 

4. Greater Striated IpecacuanJut is tho root of Psychotria anetica Linn., 
It la about the size of Cartagena ipecacuanha and closely resembles the 
foregoing, being irregularly conatriefed, dark in colour, and exhibiting in 
tranaverso section ft dftrk, violot-coloured botk } it may bo distinguished 
by its dense wood, and by tho presence of sugar in the bark, starch being 
completely absent. Tlio colour of tho bark and tho absence of starch 
easily distmgiti«ih this root from oHlior Brazilian or Cartagena ipecacuanha. 
(See Fig. 161.) 

6. B^itc/pccacuanfiaifttherootofSybon/fiusfea lonidium) Jpeeaeuanha 
Ventonftt, fomriy VioJncciD (Brazil). It is greyish w}»ito or yellowish in 
colour, 1'6 to 3 mm. thick, and frequently bronchos. Tlio section exliibitH 
ft large, porous, yellowish wood and narrow, darker bark. 

6. Trinidad Jpecaetuinfia. Under this name tho rliizomo ftnd roof of 
Asetepias curassavien Linn., family Asclopiade®, have been offered for 
sole. It is 3 to 4 mm. in diomotor, yellowish brown oxtomnllj' nnd whitish 
mtomally j it bears wiry rootlets «nd has an unpleasant bitter taste. 

Tho following test for emetino is useful for distinguishing roots contoining 
that Alkaloid from numerous substitutes which do not : — 0*5 gm. of the 
finely powdered root is mixed witb 20 c.c. of strong hydrochloric ncid and 
6 c.c. of water and filtered ; to 2 c.c. of tho fiUrote O-Ol gm. of potassium 
chlorate is added ; if emetine is present tho liquid assumes a yellow 
colour, changing m tho course of an hour to red. 


DANBBLIOK ROOT. Radix Tarftxaci 
SoTUtces. Dandelion root consista of the fresii or tlried root nnd vertical 
rhizome of Taraaracwni cffieinale Wiggers, family Compositro. TJio plant 
occurs widely distributed over Europe, Aftia and North America and is ft 
troublesome weed on arable oiid grass land, Tiie roots ore collected 
chiefly from wild plants both in Britain and in Germany, They are usually 
collected when the land is ploug^ied by fol}o%rjng the plough and remon'ng 
the roots as they are tume<I up. After washing free from soil, the roots 
are used either fresh or dried, according to tho nature of tlie preparation 
. to bo made from thero. 

Description. D^nt^ion root consists of a simple, straight root, which, 
towards the upper. pS^, ywisses imperceptibly into an erect rhizome ; 
the latter somefanlift is IL"® simple, but often divides into several erect 
btancliijgjsesscs diaphotetio’’ ?' »m.. and a thickness of about 

iiiaeq i^i a re*® younwrsh-brown externally, whitish and 
osritoportant uses is as a eurfaca a bitter, milky iuice— latex— 

large doses are given (b fa a small yellow wood 

>v^ 
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The (fried toot is dark>farown, taucli shrireUeil and wrinkled losigitudiu- 
ally ; it tapers but httio below, and often divides itv tbo upper part (rhizome) 
into Boveral erect branches, Tbo ihizome and its branches are crowned 
with the short remauis of the leavee which bear brmvnish liairs near the 
pojnt of inseriion. The drug breaks wben dry with a short fracture, the 
section exhibiting a yellow, porous, central wood, occupying about one- 
quarter to onft.lhird of the diameter, surrounded by a thick, whitish bark 
hi which numerous, brownish concenttic lingsof eieve'tifwiieandlaticiferous 
vessels are visible. The transversely cut surface of tho rhizome shows a. 
small central whitish 
pith, surrounded by a 
yellow wood outside 
which is a wide secon- 
dary phloem, With 
concentric rings as m 
the root, a narrow 
cortex, and a layer of 
cork externally. The 
drug, which is rather 
hygroscopic, becomes 
tough when sbghtly 
moigt. It has no odour, 
but a bitter taste. 

Cooxtitaeuls. Dande- 
bon root contaloa a 
small quantity of a 
ciysiallme, bitter eub- 
stancstaraxacm, which, 
according to recent 
researches la an inde* 
finite mixture. The 
drug^ also contains 
choline, tesln, the 
pbytosterols, taraxa- 
etcrol and homotaraxa* 
sterol, vanoua fat acids, 
an acrid principle, and 
in the aulumn about 
40 per cent, of inulin. 

In the fresh root tho 
mulin la dissolved in 
the coU sap, but in the 
dry root forms omof- 
phouB, transparent 
lumps not again readily 
soluble in cold water. 

TJie autumn root has 
been found to contain 
25 p«r cent, of tnului, whereas tho epnnc root contained ifi tv.*. 

cari»hy*ate convert^ ^ l«rdn,ly,„ 



• -“''n root, transverse section, c , 

ea^uium ; far , latioiferoiu ^-eBsels , o,#„ oblite- 
rated BiovMubes j por., perenchyma of bark s 
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ALKANET ROOT. Alkanna Root, Radix Ancbosco 

Sources. Alkanot root is obtoinod from Alkanna tinctoria Tauschor, 
family Boraginncojo, n small licrbaccoiis poronnial growing in sandy soil in 
Bouthom Enropo, Hungarj’, and Asiatic Turkey, our supplies being derived 

•p’ . . 

1), I ■ " ■■ deep reddish -purple, simple, tapering 

■ , ; : ■ ^ '^ut 16 cm. in length, and 12 mm. in 

thickness near tho cro^vn, to whiob slender branches and the remains of 
leaves aro attached ; tho latter )»avo a purplish colour, and bear numerous, 
bristly hairs. TIjq outer layers, which are deeply colouro<l, easily exfoliate, 
separating from tho wood in largo, papery flakes or strips ; these are readily 
lemoved, and tho exterior of tho root is then tho inner layers of phloem 
tissue. It is not smooth hut more or loss deeply furrowed longitu^nnlly, 
the furrows being often so deep as to dmdo tho wood into eeporoto woody 
strands. A transvorso section of lhoui>porpart of tho root exhibits a dark 
violet spot in tho centre, and o woody ring containing several rodiating 
strands of dense whitish woody tissue separated by largo wedge-shaped 
masses of parcnchj'ma ; tho baric is yellowish near the wood", but becomes 
coloured and laminated towards tho exterior. From near tho crown of tho 
root downwards tho violet spot in tho centre becomes larger and the 
colouring matter in tho hark penetrates deeper until by their union tho 
separation of tho strands of wood is complete. Tho root when handled 
stains tho fingers red. It has no porcoptiblo oelour or taste. 

Constituents. Allranot root ie said to contain two 'ted colouring 
substances, viz. ancliusio and alkannio acids, tho former turning green 
with alkalies and tho latter blue, but these statements require further 
investigation. Alkanniu is tho namo given to an oloo-resinous mixture of 
deep rod colour obtained by extracting tho root ■with potroloiun spirit 
and evaporating. 

Uses. Alkanot is used for colouring oils, ointmenta, etc. j tho tincture 
ia used for tho microscopical detection of fat and oil, wliich it colours red. 

Voileties. Many other plants furnish roots contaming a similar red 
colouring matter, e.g., Onosma rchioidcs Linn., family Boroginnee®, from 
S. Europe, MacrolSmta <7cp/wWfw do Candolle, family Bornginacero, from 
Armenia and Syria ; they aro occoRlonally substituted for tho root of 


RHATANY ROOT. Radix Kramerim, FeruTian Bhatany 
Sources. Peruvian rhatany is the root of K. trinndra Ruiz and 
Pavon, family Leguminos®, which grows abundantly on the barren, 
sandy mountain slopes of Peru and Bolivia. 

Rhatany root has apparently been \ised for many years by the 
Peruvians for cleaning and preserving the teeth. The Spaniards 
became acquainted ■\vith it in ijma and introduced it into Europe. 

Description. The root of Peruvian rhatany is large and knotty 
at its upper extremity, ■\vhioh is about 3 to 6 cm. wide ; it divides near 
tho crown into several long stout branches, from which smaller 
branches proceed. Tho larger pieces have a dark reddish-browm colour 
and a rugged, scaly bark , the smaller are usually rather brighter and 
smoother, not exhibiting any conspicuous transverse fissures. Tho 
bark, which can easily be separated from tho smaller roots, is rather 
fibrous, but the wood breaks with a splintery fracture. The transverse 
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nWeroua narrow medullary mys and n^ute vessels. The tog is 
quit© odourless ; the bark has o strongly astringent taste, but the 
wood is practically tasteless. 



A 


B 

Flo. IflS. Peruvian rbatasy root. A, portion of an older root, showing scaly 

corki &atur8]suo.)£. portion ofa^ouii^rroot,iiotural8tze. (AfterOroemsh.) 

Coostihients. The principal constituent of rbatsny root is tannin, 
Uraineria.tonni(j ac:d, of which about 7 to 0 per cent, is stated to be 
present. 

Peruvian rhataay yields to absolute alcohol about 23. per cent, of 
soluble matter. The alcoholic tincture gives a cloudy mixture with 
water. The root contains in additiona dark red phlobapnane, krameria* 
red, produced by decomposition of the tannin, os well as starch. It 
yields 2 to 2*6 per cent, of asb ; samples of the powdered root may 
yield as much as 4'6 per cent, of ash. 

Uses. Rhatany root is employed solely as an astringent. 





Fio. 104. Fara rhatany. XaCural aizo. (AKcr Qreenfrh.) 

Substitutes. Several other species of Krameruz ore known to yield 
astringent roots, hut none is now of commercial importance. 

Pard fhatony is tlio root o! JtiuwcHo argtntea Hlart., n earuhby plant 


ol deep trans^-erso cracks nt more or less regular itrforN’afa m tho bark, 
which is nI*Q longituiUnally wrinklesL The trons^-cr«o section bIiowb a 
rwtilwh wood and a dark reddi'di-lirown bnrk/wluch occupies about 
ono-hall tho railtus of a root of taediumsizn. In *n 


■uBti woo« uii-t u uarjt reodisn-prown onricy' which occupies about 
-....-hall tlio roilias of a root of {ttediom sizo. In pbwiect to odour and taste 
Pari tluitnnyr(**<-mWos Peruvian, It yields to/cohol about ISflpcrccnt. 
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of extractive and the tineturo from Pard rhatany gives a clear mixture 
witJi water. 

Itxduzn sarsaparilla i.s the root of Heniidesmus indicus B. Br., family 
Asclepiadaceaj, a climbing shrub indigenous to India and Ceylon. Laigo 
pieces of Indian sarsapanlla occasionally bear a considerable resemblance 
to small pieces of Para rhatany, both in colour and in the presence of 
transverse cracks. They may ^ distinguished by their agreeable odour, 
resembling that of coumarin, and by the difference in the transveree 
section, which exhibits a largo, porous, but not distinctly radiate, yellowish 
wood, surrounded by a thin grejnsh or somewhat violet tinted bark. 


DEBRIS ROOT, Tuba Root. Touba, Aket-tuba 

Sources. Derris root consists of the dried rhizome and roots of Derris 
elliptica (Roxb.) Benth. and D. malaccensis Prain, family Leguminosaj, 
tropical climbing plants indigenous to Malay, Burma, and the East Indies. 
The drug is cultivated in Perak and Singapore in Malay, in Sarawak in 
N. Borneo and in Sumatra. 

Description. The rhizome^ which constitutes a small proportion only of 
the drug is m short pieces about 8 to 25 mm. thick, oblique, brown, 
longitudinally wrinkM with numerous transverse cracte and circulsr 
lenticels. The slender roots form the bulk of the drug } some pieces ora 
■ ‘jameter M about 8 mm. 

. . • • . >8 not more than 5 mm. 

• • • • • . • , • . (D. elliptica) or grey* 

brown {D. malaccensie] with fine longitudinal furrows. The smoothed 
transversely cut surface shows a thin cork beneath which is a ring of 
solerenchyma and a narrow brown bark, about I mm. wide, con^sed of 
stratified strands of phloem ; the wood is yellowish end porous, the larger 

. ' ‘ * '^he roots are flexible, hard 

. • • y have a slightly aromatic 

. . ■ • by a slight sensation of 

numbness m the tongue, which is veiy persistent and extends to the 
throat, where a feeling of dryness somewhat resembling the effect of 
aconite is experienced. 

Histology. At the centre of the root is a four* or five-arch primary 




lonfrJhwU,,^*'' small cells each containing a prism of calcium oxalate 

Rhnni in.. 4 .‘ ' diameter. Tho fibres of both xylem and phloem have 

onij’ the lamella lignified. In the phelloderm and fwricyclic 

parenchyma • ^ 

starch grains , 

3{i to Bfi to 3:* , ■ ■ . 

ellipsoidal and 

^ c resinous contents, often described as rotenone 

^^Constlhionf constituent is rotenone about 2 to 30 per cent. ; 

tjjjg hii*^^*-no substance, formerly named tubatoxin. Three 

llu 
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other crvTstfllline constituents a«> deguetin, tcphrosm ni^ tosicarol. It 
yields to ether about 7 to 25 pec c«nt, of extractive. Benzene gives a 

Rtablo solution of the active conitituonts. 

T}ie«o two species of Bern* can bo aistmguishea by tneir nppearnnce 
'fchcn vicwcsl in filtered «f<ro-f{o2et light. The fr...*-’ ransyci^ 

surface of B, enipttco RnTv>««’ t~ - ' * . 

ether extract ■ . " • ■ ‘ 

nllowod to ev ' *■ wfuch is then viewed m 

U.V.L, tho 1 iippeara white. AVTien D. nnlaccentie is similarly 
rxaminetl tho freshly cut transverso surface of the root appears orango- 
yellow and tho ether extract residue on filter paper is '■* . 

Normal caustio sodft solution ■■ . ‘ ' 


Normal caustic sodft solution » 
roots. 'W’h"'' < 

I 111 20 ell • • X 
precipitate •* 


' imilarly treated. 


l>»«. ji ■ . ••••.»- '■ ;,..Mt;i, IS used Ofl ft horti* 

t . , . oy contact aphides, caterpillars, dog fleas, 

c iicD and house-flies , it <loes not kill cockroaches and bugs. It is 
not poi'ionous to man and domestic animafs. hut tho powder pwxluces 
unpleasant symptoms when inhaled. 

The powder is also widely u«cd for tho dostruct ion of Warblo fly. 
Sttbsututes. ’nio stems, roots and rhizomes of Derris uliginota Bcnth., 
a plant growing in tho E. Indies ami Fiji Islantls, occur in commerco. Tho 
pieces of stem are usually about 10 to 25 cm. long and 8 to 25 mm. in 
duuncter; twopieceeaTcsorootimosintertwinedinriman’'"--’^* • o 
of hanns, EitcmftUy tho pieces f»r** ' , » • .j 

longitudinal ndr-^ ' • . ■ ' 

AS ruBty-rtHl . 

thnnthootln t • ‘ • 

tonchoeorp •. * • ■ . jt«ipu«fiicouB.C.,fomilyLegiuninosiD, 

known as Ctc m ilout, Ttmbo, Darbasco. Nekko, Hamri and Stinkwoorl ; 
• It M exportrtl from Itmzil. rcru, British and Dutch Ouinnn. Tlio roots 
grow to n length of 3 or more metres oml are usually cut into pieces 4 to 
30 cm. long and I 5 to 2-5 cm. m diameter ; extemally they an* hrowtiUh- 
gn-y with longUmhiift) rrticuUte<l wmikles. It eontains about 5 to 0 p?*r 
cent, of rotonoiie Tlie micro**cop»cnl stnictiiro t>f I^onchocarpua resembles 
that of Dtma. hut may Ims diatinKutshed by the ahurulant starch grams, 
mdmdual grains being 6 to IS to 20 to SSmicronH in dinmeler , tho %Ta.'»elrt 
AlV) am larger, Iwing nlxiut 3(*0}a to COOji wide for tho larger ones and 
3n;t to 100}! wide for the smaller ones ; tli,« groups of xj 1cm fibres number 
niiout twentj-five t« thirty-five sn enei» group; th«‘ pnVms of enlctum 
oxalate are alKuit 20 ', — . As m Bern's, tlie fibres of both 

*' ’■ ’ for the middJo lamella, of 

. « few rectatigiilnr acleri-ids nrn 
r- ’ “u and I lie peneychc ivin nchyma. Tlir. fresiily 

c«.. surf«ice of loticliocarpus amiearN gn*yi«h-greet» m XJ V.L. 

mid n I m 2ft ether extract fluorr-smt bngtn bhie. 

SENEGA HOOT. Radix Senegte, Scaaca Soalce Root 
S<mre«. tic. fy-n<-c» nmt i. ib<-<lnr<l root itnil root. lock of /■otm.llo 
..n'T. Unn f.milr I'olj-p.l.wro, . .tn,ll pUnt triilclv di.tril.iilcl oror 
th. Lnitnl UMi. tbcoutlimi p»rt, ot Ilnli.h Amonro. tlio root 
I*10S collrolo.1 Urpriy in J!inBm>t« «i,il ^t«nilota (motem .mrciit 
md in the nottli.rtwtrra o! ibo Unitnl Bt.tro (northmi .oicj,). TJjo 
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root by the Seneca Intlzans ns n remedy /or snakebito, and this 

introduced into medicine al>out the middle of the eighteenth centurj'. 

Description. Stuiega root coiwists of n slender, ga'yWj* or bro\rn{sh- 
yellow root ^urmollntcd by n knotty crown, about f to 2 cm. in width 
and 1 to I-.*) cm. high ; totho crown aro attached thob-iscs of minoerous 
slender aerial stems and numerou.s buds or small shoots Waring 
pui 7 )Jish, scaly leave.*?, which aro ovate, 2 to 3 mm. long and hare a 



*«r«<rfiin'. -.3. 4 Arid a. with *>»<» to iiM'iiulUry rn,\ii. », 

AUrioniiAlU HJ'fA »»r<((uIlAfj' my { A, nMo |;mr)f)i ; V, c'Afrifilum ; 1, J.rt’Jj 
ftf. fiiTnl''rTU . ph, |ihl(v*j|j • r^., ftmt i*»*Ar; •, ulrin liA-rf’; w, wthiIiJm; 

» 7 . \j,Mn 

margin. Tlio stem are twte, alMrut 2 jum. in diameter 
ami hollow. The root is jwwlly alrout 3 to 0 mrii. thick at it^ itp^rcr 
extremity, nml t.aiw'rs slowly/ Ixdng and contorted. It l< 

sometimr*' simple, Imt often dividw just IWow the crown Into two or 
Ihte*' spreading bmnrhea, one of which h often at right angles to the 
main root. Jt i< lnnpifudm.illy and sonietimc'*, esjiechlly near the 
crown, iran'nV.fvly wrinkled. Very frequently, but not alivays, it 
rxhibiJs a keel Vf-'cmbling a contacted sinew and following a steeply 
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spiral course ; this keel is prominent on the concave surface of the 
curves of the tap-root and often extends a considerable distance. 

The root breaks -with a short fracture, which is smooth in the bark 
and splintery in the wood. The smoothed transversely cut surface 
shows occasionally a completely circular mass of wood ; usually, 
however, one, or more rarely two, the medullary rays is very greatly 


secondary phloem which is abnormally developed at one place and, 
when the root is dried, this ridge of phloem gives rise to the keel. 
Phloem is replaced by parenchyma in the position adjacent to the very 
wide medullary rays of the wood. Surrounding the phloem is a 
narrow band of phelloderm beyond which is a thin cork. 

If, after soaking a root in water, the bark is stripped from the 
yellowish-white wood, the latter shows a longitudinal V-shaped fissure 
on the convex surface of each of its bends, and the tapering ends of two 
successive fissures frequently overlap, fissures are filled with the 
parenchyma of the unusually large medullary rays, thus giving rise to 
the wedges or sectors of parenchyma seen in the transversely cut 
surface, these sectors varying in size and number according to the 
position where the medullary rays are cut. 

il^tology. The pbellogen produces about four or five rows of thin* 
walled yellowish-brown cork cells externally and a phelloderm of two to six 
layers of collenchymatous parenchyma intefnally. The primary xylem at 
the centre of the root is diarch and is surrounded by a wide secondaiy 
xylem composed chiefly of tracheids and vessels, both of which bear 
bordered pits. The vessels are narrow, attaining a diameter of about 65(i. ; 


walls. Crystals, starch, fibres and sclerenchyma ere all absent from the 


numerous brandies and buds attached to tho cro^Tn. In tho pericycle of 
tho slender stems there is a band of unlignificd pencyclic fibres. * The sroall 
scale leaves of tho young aerial stems have epidermal colls with sir-uous 
anticlinal walls and tho stomata are ronunculaceous ; tho tricliomos of tho 
ciliato margin ore unicellular, up to 116 |i long, with striated wo'Is and 
bhmt tips whidi onj filled with a highly refractive deposit. 

The drug has a didtinot odour, rccaUing wintergreen ; the taste is 
at first somewhat sweet, but soon becomes sour and ao*'*d. Tlie 
powdered root is voiy irritating to tho throat and when 

mhaled, and imparts to water the property of frothing. 

Northern senega, collected in the north-western States ^ considerably 

larger than tho usual variety t. in onirti.,. - u, 

is less contorted and shows i ■ • ■ ■ ... 

acrid taste. It h said to bet T ' 
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Constituents. Senega root contains a« principal constUaents 
eenegin, about 4 per cent., and polygalic acid, about C'5 per cent. 
These aubstaneoa aro botli glycoaid^, and belong to the group o! 
saponins. Polygalic ncid is sternutatory, and sencgln is decidedly 
toxic. Boiling wth dilute sulphuric acid converts Bcnegin into sugar 
and senegenin (Wedekind and Frccko, 1024). 

Tho drug contains a small ixjrcentago of methyl salicylate, probably 
prodttced by tlio gradual decomposition of an unknowi glycoside. 
Senega root also contains about 6 per cent, of fixed oib but is free from 
starch ; it yields about 4 per cent, of ash. 

Use. Senega is used as a slimtilant expectorant in bronchitis. 


Pio. 100. Calumuft root. A, tnumws© turfaw of a slice of calumbo root, 
natural aizo. a, starcii grains X 100. (Doth after ilorg.) B, tranaverao 
aurfrtce of a eP"' ef Coseteium vlcm, natural aiie. ‘e, cambium; m.r., 
naedullaTjTay' * . Joum.) 

Adulterant*^ ^ Nuttall, j*b collected to 

some oxtof'' root is more slender than westom 

senega, t* ■'*'*» spreading branching, and is lighter in 

colour ' wootl. T>jo tnsto is much Ic*?* acrid 

thar M.V4> it is prcawnnbjy Jc'is ncthti. 

' fuul their wny into parcel'* of sciiegB, frequently 

*^roless collection, but tho cljaractcre given suflicicntly 
-.-rsT^^^'vTib genuine dnig. Most of tho adulterants contam starch or 
Icium oxalato or both, 
h 

^|7MBA BOOT. Colombo Boot, Radix Calurubee 
ahrees. Calumba root is obtained from Jat^rhiza palrmta Btnmrck, 
1*'^' Menispennacesfe, a lofty climbing plant tvith annual herbaceous 
^ nd swollen fleshy roots. It is indigenous to Portuguese East 
... A oiring in abundance in the forest in the region ’/ • ' i. 

“ . “ 'es, atid also on " , • . . . .... t 

extremity, ■ 

sometim-^- : - . use. 

three s • _ , . ' .,io transverse slices, 

mam r> ^ • • , • • ‘ • 40iigitudirval slices, and dried in 

' ' j ** *m|iortcd is known as “natural ” calumba ; 
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it is dingy bro-tm in colour otving to the preseivco of powdery Boii on its 
surface. It is cleaned by washing and btuabing, and is then graded for 
sale, being now termed “ washed " calumba root. 

I^taiption. CaVoraba root ocQuta in commerce mostly in irregular 
elliptical of nearly circidar slices about 3 to 8 cm. in diameter and 6 to 
12 mm. in thiokn^a ; they are uquaUy depressed in. the centre on both 
aides j a small proportion constating of slices cut longitudinally are 
sub-rectangular and are about*? to 10 cm. long and 2*5 to 5 cm wide. 
’Xhe outer surface is lon^tuihnatty grooved and is covered by a thin, 
wrinkled, dark brownish-grey layer of cork. The smoothed transverse 
surface has a greenish-yefiow ground m which are embedded greenish- 
yellow groups of xylem vessels arranged in interrupted radial lines ; 
the sylem is surrounded by a dark cambium line dividing it from the 
yellowish bark, about 2 to 5 mm. wide, in which the phloem sieve-tissue 
is evident as ^rker grey radiating Ihies, each continumg one of the 
lines of xylem vessels and tapering towards the cork on the outside. 
Below the cock, small yellowish points aro just visible and ar* due to 
the presence of eclereids in the phelloderm. When the transverse 
surface is treated with sulphuric acid, 66 per cent, by volume, the 
yellowish vessels and solereids change to a d^p greeVi 


Histology. The'"^' ' • . . . 

radial rows of two . , umy are 

about 6Sp. to 150{x i . u><»ttiy elongated pits or aro 

reticulate. Surroun * .v^is is a little bgmfled parenchyma, the 
ceils Itavins suupls rounded pits, end a few dbrous trochcKls which are 
often irregularly curved, about S'Op to 400tt long and 12p to 4.3p wide, and 
have pitted walls, ?lie sieve tisoue of the phioem is collapsed to form 
patches of cctatenchyma. The paccnchynwto'AB medullary rays are from 
six to fifteen or more cells wide. *»nd together with other parenchyma are 
filled with starch grains which aro rounc^, oliipeoidal or irregularly ovoid, 
usually simple, sometimes two to three compound, individual grains being 
fi to 25 to 40 to 00^1 la diameter, tije hilum js eccentric and may he a point 
or two to fcnir radiate. Thescleiwdaof tho phelloderm ar" •, 

about 40^1 to HO^i long and 20^ to 50ii w-*- 
fiimple pits and havinv ~ 

than the outer walls. " • • j..» 3 ii« 

of calcium oxslato me 

Consfebaents, Calumba root contawia two yellow crystalline alkaloid^ 
jateorhizino and pahaatine, and two colourless, ctystRllme, nto* 
alkaloidal bitter principles, colurobin and chasmautherin. Columbin 
appears to be a lactone, and yields, when treated with acid or o^li 
yellow amorphous Columbia acid, previously believed to bo 
stltuent orthetoot, liaces of a. fluorescent aubstaneo, also ofeinabld 
from colurabin, are present m the drug, iy 

There are also present mucii^ and about 35 per»tS^r whitvli, 
bufcnotanma. ThedrugyieldsfroindtoTpercenfiipFi',. 

Uses. Calumba is employed tw a stomachic ao^fr 

SabstitutMandAdolteraats. Ooia»»6o 

present m email ipiantity ar«l m i iiiiiiadjl^^' ^ -n v'n'v-- 

tha places are narrower (often about'fliiPIr^ 
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more Tfoody, ond more conspicuously n^tato i they also yield more ash 
(12 to 17 por cent.). 

Coscinium ferusiraium Colobrooko, family aionispormoccro. The stems 
ore occasionaHy importwl from Coylon luidor the namo of C5oylon calumba ; 
those may bo cut into alicea about tho eizo of calumba, but am rco<hly 
clistingmshod by their darJc yellow colour, flat surface, not dcpn-RKcd in the 
centre, and bard, woody |not starchy) nature. Thay contain bcrbcruio 
(3'5 per cent.). Seo Fig. ICO. * 

Frascra carolmicneit Walter, family Gcntianaccie. BHces of tho root 
of this plant liavo boon "found Rubstitutotl for calumba, but the occurrence 
in rare ; tlio elicea are smaller* thickor, and free from starch, but contain 
tannin. This has been termed American calumba, 

BRVONY ROOT. Radix Bryoaim 

Sources. Bryony root is tho fresh or dried root of Bryonia diotca 
Jacqum, famdy Cncurbdacca*, a c/imbtng and trafUng plant, •with rough, 
hairy leavoa, common in hodgoa and tliicketa in southom EnglantL 

OoHectfoa aad pfcparatfoa. Iho plant produces In the spring aerial 
Btems nfinmuig a great length, ond otwing from a large, tuberous rbitomo 
which la continuous with n tlu'ck, flooliy root. Tliis subterranean port of tho 
plant is often of constdorablo sbeo and weight, measuring occasionally at 
tho upper extremity 15 cm. or more in diamotor, and reaching a length of 
Imlf a metro, the whole weighing fiovoml kilograms. It lapew moro or less 
gmduaUy townnU tlie tip, ami w usually simple. It is dog up in tho 
autumn and is used either in tho fresh state or is cut into tronsturso slieofl 
and driwl. 

Description, \\1ien freali it is of a groyiali.yollow colour externally, atwl 
marked at cIom inturi'ids with prominent, tmnst'ereo, eork>* ridges efton 
extending half round tho root. Intomally the root is wln’tmi and ilesliy, 
exuding, wlwn cut, a juice that is turbid from tho presence of numerous 
starch grains. Tho trariST’creo section exliibits a fine lino separating a 
narrow bark from a large, fleshy wood ; tho'lattor contains, more or less 
Uniformly distributed over it. small groupr of voesols, radially arranged 
and extending from the centre to the bark. Tho fresh root has tin unplea.'yint 
odour ond o imitsoously bitter ond acrid toato. 

The <lrj<sl shees average about 6 cm. in lUamotor ond hoTO a thin 
yollcnrisii-groy cork, a wlnlish wood marked with concentric rings arul 
radially arrongctl veasola ; they bomowlmt resemble columbo, but may bo 
diatinguhfied by their ycHowisfi-groy cork and whitish wood which shows 
both concentric and nulioting ridges. 

CocLsfiiuents. An mtcnsoly bitter omorphous oikaloid and a dark* 
Lrown resin, botli of wliich aro jiorgnlivo ; an alcohol, bij'onol, and 
various fotty acids. Tlio outumnal root contains, further, large quantities 
of starch. 

Dbcs, The root when token intcmally in full doses acts aa a cathartic 
and rflurotio ; applied to tho skin it ia imtont, and may causo \'e«ication- 
■Sitems been recommended for plourisj*, whooping cough, and bronchit^, 
Africa, ^on given in cases of drojisy. 

The root Bryonia aiha Linn., a continental apocios, is distinguished by 
other disc<'°“’ flowers ond black boixios, the common brj’ony having 
\vere and scarlet berries. It pi^uees a similar root containing 
contama. -t „amo constituents. 

century, ana jg fresh root of Tttmus communis Linn., familj' 
The roots are common climbing plant of the hedgeroirs and tliickotg of 
and to a less ext^ii root is used as an application for bruises ; it is rather 
the shade. Tho di root ond is free from bittemeas. 
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GENTIAN ROOT. Radix Gentian© 

Sources. Gentian root is the driM root and rliissome of the yellow 
gentian, Geniiana lutea Linn., famfly Oentianace®, an herbaceoua 
perennial with large opposite, br(»dly ovate leaves and yellow flowers. 
It is indigenous to central Europe, growing abondantly on the lower 
slopes of the Jura and Vosges mountains, iu the Black Forest, and in 
the Pyrenees. I^rge quantities are imported from Spain. 
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more woody, and more conepicoously radiate ; they also yield more ash 
(12 to 17 per cent.). 

Coicinium Jmestratum Clolebrookoi family Menisporjnace®. Tho stems 
are occasionally importecj from Ceylon under tho name of Ceylon calumba ; 
those may bo cut into slices about tho sue of calumba, but are readily 
distinguishcKi by tliojr dark yellow colour, flat surface, not depressed in the 
centre, and har<!, woody (not atarchy) naturo. They contain berberine 
(3*6 per cent.). Seo Fig. I6D. - 

Fraacra carohnieixaia Walter, family Gontianacero. Slices of tho root 
of thia plant have boon*found substituted for calumba, but tho occurrence 
ia rare j tho slicoa aro smaller, thicker, and freo from starch, but contain 
tannin. This has been termed American calumba. 

BRYOKY ROOT. Radii Bryoniro 

Sources. Bryony root is the fresh or dried root of BryonUt dioica 
Jacepun, family Cuourbitoceas, a climbit^ and trailing plant, with rough, 
hairy leaves, common in hedges and thickets in southern England. 

Collection and Preparation. The plant produces in the spring aerial 
stems aftainiitg a great length, and arising from a large, tuberous rhizome 
which is continuous with a thick, fleshy root. This subterranean part of the 
plant is often of conaidorabl© size and wciglit, measuring occasionally at 
the upper extremity 15 cm. or more m cUarootor, and reaching a length of 
half a metre, the whole weiglung several kilograms. It tapers more or less 
gradually towards tho tip, and is usually sanplo. It is dug up in the 
autumn and is used either in tho fresh state or is cut into transverse slices 
and <lric<i. 

Description. UTien fresh it is of a greyish.yollow colour externally, and 
marked at close intervals witli promment, trans\'orBo, corl^ ridgea often 
oxtendmg lialf round tho root. Internally tho root is wliitish and fleshy, 
exuding, when cut, a juice that is turbid from tho presence of numerous 
starch grams. The transvorso section exhibits a ^o lino sepamting a 
narrow bark from a large, fleshy wood ; tho’latter contains, more or less 
uniformly diatribulod over it, small groups of vessels, radially orranged 
and extending from the centre to the bork. Tho freeh root has an unpleasant 
odour and a nausoously bitter and acrid tasto. 

Tlie dried shcea average about 6 cm. in diameter and have o thin 
yellowish-grey cork, a whitish wood marked with concentric rings and 
radially arranged vessels ; they somewhat resemble calumba, but may bo 
diatmgm%hed by their yollowish-groy cork and wlutish wood which shotra 
both coneentnc and relating ridges. 

Constituents. An intensely bitter omorphoua alkaloid and a dark* 
Lrorm resin, both of which aro pargative ; an alcohol, biyonol, and 
various fatty acids. The autumnal root contains, further, largo quantiti^ 
of gfatch. 

ITsss. The root when taken intwnolly in full doses acts os a cath^ic 
and iQuretic ; applied to tho skin it is irritant, and may cause vesication. 
■Sterna been recommended for pleurisy, whoopuig cou^, and bronchitis, 
Africa, ^een given in cases of ^op?y. ^ . j i. 

The root Bryonia «l6o Linn., a continental species, is distinguished by 
other disei'®^ flowers and black berries, the coi^on bryony havmg 
contams scarlet berries. It produces a similar root containing 

^tury, ana Tamua communis Linn., family 

ine roots are common clhnbing plant of the hedgerows and thickets of 
and to a less exi«sh root is used os an aj^hcation for bruises ; it is rather 
the shade. The dr root and is free from bitterness. 
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OENTIAN ROOT. Eadte Gentian® 

Sources. Gentian root is the dri^ root and rhizome of the yellow 
gentian, Qentiana luiea Linn., famfly Gentianacese, an herbaceous 
perennial with large opposite, broadly ovate leaves and yellow flowers. 
It is indigcnotn , * “ • ^ ’''fer 

- ' - ■ ■ lux 


elopes of the Ji 
the Pyrenees. 
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See Figs. 


In the 

>picrin, about 2 per cent., 
ich are bitter ; the sugars 
,uents are also present in 
Fio 167. Oeniiana lutea. yxno o( fxxxt. pm^TtJo.s, which aro present, 
C, root cut transverMoiy x 3 D, rhizomopicrin both in the powdercd 
amulatioas ; 6 , bud j w-, bark ; c, wpeturo IS made Fermented 
pA, pWoom; «c, Bear of « ~v>* * , 

modifiNl.) ■ ' ' ’ 

Collection and Preparation. . ■ . . ■ / ' 

\»h5ch largo fleshy roots am . ■ 

horiMntai courec » short distano^ccule of dextroao, and by the action 
attain ft consitlemWo longU». B'charidc, gentiobiosc and 1 raoloculo of 
autunm and «hicd ; thoy a*^ gentiobbso jiclds 2 molecules 

‘^'^iT^'erted by invertaso into dextroso and 
tt. jOTt raws tlio 

pnrtlcular colour and odour ro ““•* “f*”" dioxide, tfira iorrermg iho 
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•\vator-extractxve, which may fall as low as 13 per cent. Good gentian 
yields to water 40 per cent, of extractive and the amount should not 
fall below 33 per cent. 

Ihe colouring matter of gentian is a yellow, ciystalline phenol, 
-jy constituent is probably a chole- 
■ • ' ' » ■ _ ■ .* ■ ' ! 3 to 4 per cent, of ash. 

L" J. ‘ , • "tonic. 

Varieties, Substitutes, etc. The roots of other species of gentian 
are often collected ; Oentiana purpurea Linn. (Switzerland, etc.), 
0. pannonica Scopoli (Austria), Q. puneiaia Linn. (Austria), all yield 
gentian roots. They are, however, all smaller than those of 0. luUa. 
The roots of (?. purpurea, which approach nearest to the official 
gentian, attain about half the size and are crowned with several 
(eight to ten) aerial stems clothed below with many scaly remains of 
leaves. The top of the root has thus a peculiar branched appearanpe 
never found in the root of Q. lutea (Pharmacographia). All these 
species oppoar to possess similar properties. 

The rhizomes of Rumex alpinus Linn., family Polygonaceax, have 
also been found ; they are reddish-brown, astringent and bitter, and 
give a deep red colour with caustic alkahea, Laserpitium latifolium 
Linn., family Umhellifera}, yields the white gentian of Continental 
comJDoerco.is said to be derived 

: ■ *• • 

'i •! . • ^ S'l : . occasionally collected in error 

for gentian and are a dangerous adulterant. See description, p. 313. 

Indian Gentian, Fiororhiza consists of tho dried rhizome and roots of 
Picrorhita kurroa Royle, family Scrophulariace®, a plant which grows in 


greyisfa.brown and longitudinoUy wrinkled it is marked on the underside 
by scattered circiUar scars of roots, some pieces ha^Tng a few roots attached. 
Closely sot scaledeaves are present on the younger part of the rhizome and 
on the older part are score of scale-leaves encircling tho upper half of the 
circumference ; at a few places the outer part has foliated, exposing tho 
black cortex. Some loose roots ore present and arc dark grey, longttudin- 
olly wrinkled, about 1 mm. in diameter and straight or slightly curved. 

' — . • urfacB shon's 

■ , , I . , mm. wide, a 

. ■ <1 'i p and a black 

md the taste 

very bitter. 

Constituents. The drug conridns a bitter, crystallme glycoside picro- 
rhizin, about 3 to 4 per cent, and a laxative body named cathartic acid, 
about 9 per cent. 

Uses. Picrorhiza is a bitter tonic and laxative. 

MARSHSIALLOW BOOT. BadizAIthros 

Marshmallow root is obtained from AUhaa officinalis Linn., family 
Malvace®, cultivated in northern France, Belgium and Bavaria j the 
plant also grows wild in marshy and moist places near the sea in southern 
England. 
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Ca]iiT&tios and CoUactioo. CJrowna of tlio roots, which were dug up m 
the autumn, oro divided in the following spring mto pieces, each having n 
bud, and are planted in the field. In the autiann of the samo year thev 
are tlug up, the fleshy roots aro remowd and tho crow”® ■ i 

clamp untiUhe next spring. Thor~'*“~'' ' * 

scraped to remove tho cork and • ' • . . • 

longitudinally. They oro then dric • ,.val«u arying-sheds. 

Description. The drug consists of straight and alightly tapering roota, 
about 16 to 20 cm. long and 2 cm. wido at tho upper ond. Tita outer 
surface is yeUowiEh-whito and softly ftbrouR, owing to the *''»^suro of tho 
phloem fibres as a result of scrapmtr aw««* ' . there are a 

few brownish circulo” * ' • Tho roota 

are obscurely quadr. ■ ' . u broad and 

deep longitudinal fu 

bark, which uia teadily bo removed in long strips, is tough anti 
'nbrona, but the ■wood breaks with » aliort granular fracture; intcniaUy 
tho root is whitish and starchy. It can easily bo cut, and tho transversely 
cut surfaco exhibits a phloem of modorato thickness, separated by a 
yellow, slightly sinuate cambium line from tho xylcm. Both phloem and 
xylem poeseea a radiate structure that is moro distinct when the surface of 
the section ia moistened ; numerous coils containing o translucent muodago 
then also become visible. The drug has a faint but characteristic odour, 
and a mawkisli, mucilaginous tasto. 

Bisiology. tho CCTtre of the root is » usually five*aroh primoiy 
lylem 5 this is surrounded by a wide parenchymatous secondary rylom, 
in which reticulate and pitted vessels occur singly or in groups of two to 
eight and are surrounded by smaller tracheids, while a few thiek*walled 
xylem fibres ere present, singly or m groups of about tlireo to twenty, and 
ere unlignified excepting for tho nuddlo lamella Ihe secondary i^loem 
consists of eUemating rings of tangential ^ups of unlignified phloem 
fibres and of groups of sieve-tisme, all embedded in a thin-waUed, colluloeic 
parenchyma. Both secondary xylem and phloem are travereod by 
numerous parenchymatous medullary rajw, which aro mostly unisoriate, 
sometimes bheriate. With the exception of scaitored idioblasts, tho cells 
of the parenchyma contain starch grams, which are mostly simple, a faw 
being two to four-compound, in^vidual groins measuring 10 to 15 to 20p 
in diameter. In the parenchyma arc scattered rounded cells contaming 
mueflage, which stains pink with nithonium rod end also cells, each of 
which contains a cluster crystal of calcmxn oxalate measuemg about 16;i. 
Sphere crystals of asparagin are present ia eomo cells and give a yefierw 
colour with c&ustio a&ab. Dnscraped root^have extenvally several layers 
of thin-walled, polygonal tabular cells. 

Coastitaenis. principal constituent ia mucilage, about 25 to 35 per 
^t., whicli yields by hydrolysis gluc<^ and xylose, but not galactose. 
The drug contains abo about 37 per cent, of starch together with sucrose, 
oaroragia and a substance allied to lecithin. Asparagm, CtH,NjO|, the 
Anudo of aspartic (anudosuccintc) acid, and ia found w many plants. 
Ash about 6 per cent. ; it should not exceed 7 per cent. 

Daea, Marshmallow root is used as an emollient and demulcent. Tbe 
iwwdered toot is a useful piU excipient and is also used alone or in associa- 
powdered sUppoty elm b«k for making poultices. 

Marehmallow root ia sometunes limed, an adulteration which is revealed 
by a high n-sh content. 

Attotct&nt. Farwell (1922' * — ' d for marshmallow a toot 

' vofajelawereleesnumerous 
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BELIiADONNA ROOT. Radix BcHadonnio 
Sources. Jidlndouna root consist of Iho root and rootstock of 

ifl cultivated in 
vnd, notably in 
Much dnig js 

coHected in RounmrUa and Rulgarin and is shipped from Germany. 

Collection and Froparaiion. Tiio roots aro coHoctod from plants wlucit 
hrtvo boon grow'jj to yield hoUadomia )»orb ami tlioy ara romoviHl from tJio 
grtamd by ploughing np tlio Sold ot tlio end of tho sonson. i.e., m tlio 



... O', trftnsvorso Hoetjon of root X S. 

\ . . mhium ; c4, cork ; c.ar.y., central 

» , . ' . . Irttor/U rootlul; nj, 

xyloin. fFrom Vharm. Journ., ihorliOcd.J 

autumn, when thojdnnffiaro three or four ywra old. The aorial stem bases 


they are hanl enough to snap ncrotM clowify when bent. Soo also p. 281. 

Description. Tlio drug consiata of nearly cylindrical roots up to 
50 cm. long and 1 to 4 ctn. tvido, often attached in groups of tlireo or 
four to a rootstock or cro^vn which is knotty and bears tho bases of 
hollow aerial etorns ; tlio root and rootstock, or rliizomo, merge into 
oaoii otiicr imperceptibly. TJio roots nro palo groyish-hrown and aio 
usually out into lengths of 10 to 20 cm., tho larger ones being split 
longitudinally, Exlonially tho root is finely wriakhd longitudinally 
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and bears occasional scars of small lateral roots. The tmnsversely cut 
surface sho’^ra a dark cambium lino separating the bark, Arhich occupies 
about one-fifth of the radius, from the starchy xylom ; at tho centre is a 
email mass of xylera vessels including the primary bundles and 
scattered throughout the remainder of the parenchymatous xylem arc 
small groups of greyish vessels, which in older roots are somewhat 
radially arranged near the cambium. The fracture is short and mealy 
or, in roots collected in tho spring, it is dark, leas starchy and somewhat 
spongy. The tramvcrscly cut surface of tho rootstock resembles that of 
the older roots, but has a pith at tho centre and tho xylem la radiate, 
woody and usually showa two or three growth rings. The root has an 
odour recalling liq^uorice root and a elightly bitter taste. 

Histology. At the centre of the root is a diarch {rarely triarch) primary 
xyiem end two medullary rays passing outwards, one opposite each proto- 
lylem j the secondary xylem consistsof aparcnchyma m which the vessels, 
<0{i to^ iSOji Wide, occur in small scattenxi groupe aeeompan/ed by a fow 
trachoida and fibres and, in tho outer part of older roots, radially arranged { 
tho xylem ie trsroreod by numerous {Mrcnchymatous medullar}' raya and 
small groups of intorxyjaiy phloem occur scattered spareoly m the xylem 
parenchyma. The phloem tissue oxtomal to tho eombium is paren- 
cliymatous with groups of eiovo-tissue, but phloem fibres arc absent. Tho 
outermost tissue of the root is composed of several layora of thm-waUetl 
cork cells, beneath which aro a few layers of phollodonn. Idioblaete, 
containing sandy calcium oxalate in tho form of monoclmie microsphenoidal 
crystals, measuring about Ij* to 7p, occur in all tho parencr^nnatous 
tissuM, moat of the ceUs of winch contain email starch grams which era 
simple or two* to four*compound, mdividuat granules being IBi* to SOit m 
diameter. 

Constituentg. Belladonna root contains the alkaloids hyoacyamine 
and traces of acopolamin© (hyoscine). Other ccmstituenta are starch, 
tannin, volatile bases similar to th(»o of tho leaf, and iS-methyliesculotin 
^ryaatropic acid, scopoletin), a crystalline fiuoresent principle, widely 
distributed throughout the family Solanaoeas, and found also in 
rhizome and a number of other drags, 
total atnoimt of alkaloid that the root contains varies as a 
rule between 0*4 and 0-8 per cent., but may occasionally nse to I'O 
per cent. Schmidt’s experiments indicate that the roots of young 
plants contam more alkaloid than those of older plants, a conclusion 
confirmed by BUckie (1928) ; it is, "however, more economical to collect 
the roots in the thud or fourth year. The root yields from 5 to 9 per 
cem, of ash and from 0-6 to 1-5 of acid insoluble ash- 
. ”p3* Belladonna acta aa a local anaesthetic and anodyne, and 
^ often applied as such externally. Internally it is given to check 
the sweating in phthisis, as a sedfative to the respiratory nerves, to 
relieve spasmodic cough, and in numerous other cases. 

S 5°^ Adulterants. Jikizome. The rhizome of 

Jacquin, family SolanawJC, i% not infrequently found 
n ino beUadonna root imported from Germany. Tlie plant grows m the 
^atliathiau Movmtnms. Czechoslovakia and Rouroania. It produces a 
nonzo,it«} riueoroe from which aerml stems fiom 30 to 40 cm. high arise 
ifl leayea which reaemblo belladonna Uavoa hut are thinner, more 
•anceotato in ehape, and taper more towards the base {compare p. 285). 
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The rhizoino, which ia ccHccted m quantiii<M and forma ono of the 
aourcos of tho olkaloida hyoacyamtno, atropine, and ecopolamino, may 
attain 10 cm. or moro in length and about 2 era, in thickness. It js nearly 
black in colour and tortuous, ond beats on tho upper surfcco numorous 
large circular doprossod storo-scarB. It contains hyosoyrmine and 
sflopolamino, tho total alkaloid (0*0 to 0*7 per cont.) somewhat oxcoediog 
in amount that present in bolladonna foot, 

Japanese Belladonna Root, Scopolta ^aponica Maximowicz, closely 
reaemblos scopolia rhizomoj it usually contains 0*2 to 0'3 per cent, of 
alkaloid. 

Indian Belladonna Root. Cons/dorablo quantftios of bolladonna root 
hftVG been imported from India, tho bulk having been collected in Ko-shinir 
from •mid plants of Airopa acuminata Roylo ( » Atropa luteo-eens Jaeque* 
mont), which is closely allied to A. Belladonna. Indian bolJadonno root 
clo^ly roscrnblcB tho European, but may bo dlstinguislied by the section, 
which oxhibite a j’ollow radiate and zonw xylem. Tho zonat/on is duo to 
tho aUomation of finely radial© cylinders of eccondaty xylom with very 
narrow cylinders of parenchjrma, tlirougli which run small, scattered 
strands of siovodissuo. Tho dKig contains 0-3 to O-S per cent, of alkaloid. 

Ph^olacca Root. Tho root of Phytolacca decandra Linn., fomily 
Phytolaccaeem, a plant indigenous to North America but naturalised in 
southern Euroj)©, has been used to adultorato bolladonna. It may, 
however, roadily bo detoctoil by tho tronsvoreo section, which eshibits 
sovoral concentric rings of woo<l bundles, in consequence of which largo 
roots easily fUsuro longitudinally. It breaks with ditTiculty, splitting 
longitudinally into Cbcoua strips. In tho parenchyma ore numerous 
idioblosts each containing a bundle of oclcular crystals of calcium oxalate. 
As tt attains a mucli larger sizo than bolladonna root, it is often cut Into 
piocos for admixture. It contains n resinoid substance, phytolaccin, and 
has a purgotivo action. 

ACOIflTE ROOT. Radix Aconiti 

Soarew. Aconite root is the tuberous root of Acontlum Napdlus 
lana., family RanunculaccOT, collected in the autumn and dried. Th© 
drug is obtained in Britain from cultivated plants; ia central and 
northern Europe it is collected from wild plants growing on tho lower 
mountain slopes and is ©sported ohiofly from Germany. Common. 
English names for the plant or© monkshood and wolfsbane. 

CnlKyatioil and Collection. In culti-vating aconite, 5 *oung tubercles aro 
planted in tho autumn, well spaced in rows j early in the following spring 
tlio temiinal bud on the crown of each root forms a flowering stem and, 
in the axils of scaledeavcs at its base, from one to several buds develop 
at the scoand level into short lateral shoots, ooeh of wliich forms at its 
extremity a root crowned by a bud. ’nieso roots gradually enlarge and 
become filled with reserves forming plump conical roots each vrith a bud 
at the apex and Iraown os “daughter” toots. Tlio “parent” nrofc 
gradually shrivels as its reserves aro used for th© production of the aerial 
plant, rrhich flowers in July. Each plant usually produces ^^ral 
“ daughter " roots which may be as many as six. When the field is d^, 
Kuffloient of the “dau^ter** roots are resorvod for replanting and the 
remainder are "WoU washed and brushed in water and are eometim^ 
deprived of the wiry side roots; they are finalfy dried in warm air in 
drj'ing-sheds. *n>e plots are dug ersiy other year and by using two plots 
alternately a regular yearly yield, is onsurorl. Tho English drug ia produced 
jn this way and therefore coraists of ** daughter ” roots. This method of 
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cultivation yields a drug -which is known to havo been obtained from the 
correct species of AconilMm. It seed is used to rciso the plants, uncertainty 
.as to botanical source results, becouae other varieties of ^contium are grown 
as garden plants and hybrids are cosily formed. 

On the continent of Europe, aconito roots ato usually collected from wild 
plants. To aid in correct idstitiCcakion, the roots aro usually taken from 
flowermg plants and hence they aio “ parent " roots cro-wned by a piece 
ot the aerial stem. After ^ahing and trmmucig the roots are dried either 
in the sun or better in boated sh^s. 

Roots aro sotnotirnea sliced longitudinally to facilitate drying. 



CIO. 170. Acmitum MptVUm 1«. J. Racemose ioflorcecence. 2. Foliage 
l®a/- 3. Root system showing pareitt root and two daughter roots. 

4 Vertical section of a fiow«r. 6. Fruit 

Dcgcriptida. The dried roots are about 4 to 10 cm. long, conical in 
2 to S cm. vride at the crown and tapering to a point at the lower 
eou. Externally they ate dark brown, being covert by a suberised 
raetadenn, and bear numerous emaU circular scats where the fibrous 
toots have been removed ; in some samplea, especially ol tho 
i-Dglish drug, these rootlets aro present Mid they contain aa large a 
propottiw of alkaloid aa the mam tap<root. At the widest part of the 
crown there is one or more scare left by the removal of " daughter ” 
ro<^ from the “ parent " roots. aconite is crowned by a large 

^ • t7 j leaves and the roote aro fairly plump and longitu^nauy 

ConltTiental or Oennan acoxaiis roots are crowned by a short 
piece of aerial stem, which is hollow, and they are rather more ehrunken 
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and trri^led than th^English dmg. Amongst the continental roots 
some AviU be found which ahow tlie danghter root, Bometimos quite 
small and somolimes approximately equal in size, attached to the* 
parent root. 

The fracture is short, the exposed surface being either white or 
brown. The smoothed transversely cat surface, at about one-third of 
the length from the cro^vn, eho'wa a nearly ^cular outline and a large 
central pith, which is atellato with about five to eight projecting points. 
The pith is outlined by a zigzag cambium line and the xyiem and 
phloem olementa are inconspicuous. At tho apex of each projecting 
angle is a small mass of xyiem and other still smaller groups of xyiem 
at intervals along the inner side of the cambium line. Extending from 
the cambium to tho endodennis, which is very close to and parallel 
•with tho margin, is a wide parenchymatous phloem. The narrow strip 
external to the endodennis is cortex, the outermost layers of whioii 
are converted into metaderra by the suberisation of their walls, see 
Figs 170 and 133. 

The odour is alight and the taste is sweetwh, then bitter and, after an 
interval, a sensation of numbness develops and persists for some time. 

Histology. The bro'wn outer tissue of the root consists of cells of the 
cortex, the walls of which have become subensed and so form a protective 
tissue termed metaderm ; this eonaists of brown ‘tabular cells having no 
regular arrangement. Within tliis is a narrow cortex» up to twenty cells 
wide, bounded on the inside by an endodermis with suberised radial walls ; 
m the cortical tissue are fiome colls wliich are thick-walled, pitted and 
lignified forming characteristic eclereids ; occasional similar sclcreids are 
often present In the porioycle. 

Just within the poricyde and directiy opposite each re-entrant angle of 
tho cambium there ia a primary phloem group consisting of sieve tissue J 
tho eecondary phloem consists chiefly of paronchyma throughout which 
there are email scattered groups of sieve-tiasuo, which oro smaller and more 
numerous near the cambium. Tho area bounded by each projecting angle 
of tho cambium is occupied by lytem, of which tho primary bundle is 
found in tho central position of the xyiem elements next the pith, the 
remaining xyiem has been formed by the cambium and consists of Email 
groups of pitted and reticulate vessels embedded in. parenchyma. Along 
the remainder of the cambium lino small groups of xyiem vessels, usually 
shopping o zudial arrangement, occur at intervals projecting into the pith, 
which is large and entirely parenchymatous. Tho cells of ell the paren- 
chyma of the root ooutain starch grains which ore single or two- to five- 
compound, individual grains measuring 8 to 12 to 15 to SOji. Fibres, 
calcium oxalate and true cork are absent. 

Constituenfs. Aconite root contains three closely allied alkaloids, 
aconitine, picraconitine and soonine ; other constituents are starch 
and aconitic acid. The total amount of alkaloid present is from 0-2 
to 0-6 per cent., and as much as 1-5 per cent, has been recorded. The 
drug j’ieids from 2 to 6 per cent, of aah. 

Acordtine is acetyl-henzoylaconine and is ciystallia© and eaa^y 
soluble in ether ; picracoAitme is benzoykeonino, both picraconitine 
j and aconiae axe amorphous and insoluble in ether and they are both 
much less toxic than aconitine, 

ITses, Freparatious of aconite imd its principal alkaloid, aconitine, 
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trhen appUed to the skin, produce tingUng followed by numbn^ ; 
they are used in certain forms of neuralgia and rheumatism. Adminis- 
tered intemally, aconite producea & steady fall of temperature, 
moistening of the skin, increase in tlie amount of urine, and lowering 
of the sensibility ; it is given in cases of fever and pain, usually in the 
loTztt of smaJl doses of the tincture frequently repeated. 

Substitutes and Adulterants. Japanese AevnUe Boot (A. wmnatum 
Linn., var. japonicum Rogel) la rogularly imiJortod in consi<teniblo 
quantities. It tapers gradually, and is either dark grey and nearly smootli 
(daughter root) or browniah, and marked with not very prominent, paler, 
longitudinal ridges (parent root). It ia smaller, more st/vrehy, and Jess 
than tho English root, and exhibits, in transverse section, a 
cireular cambium. It contains japaconitino, which closely sresembles, but 
is not identical with, aconitine, being acctylbenMyl-japaconine. 

Anotlier variety of Japanese aconite root is said to be derived from 
A, FUeheri Rcichenbach, lyid to contain tho alkaloid jeiaconitino (acetyl* 
anisoyhaconine). 

Indian Aconite Jloot (A. detnorfeuam Stapf) is much larger than the 
Ilngli-ih, measuring frequently 16 cm. in length and 4 cm. ui thiclmesa 
near the crown { it is yellowish-brown, crowned with the remains of a bud 
and eoawoly wrinkled j internally it may bo eithor starchy or yellowish 
and homy ; the horny character is due to tho starch having been com- 
plelelygolftiiniscdby prolonged heating. The drug contains pseudaconitino 
(scelylverotroyl.psoudaconino). which, is about twice as toxic as aconitine. 

TIio root of A, ehasmanihum Stapf, contains indnconitmc, which 
JWotobles aconitine m action j tho rOot »s smaller thon that of A, BaptUus 
(2 cm, X 0*75 era.), nearly black oxtomally, less wnnklod, fmeturo lighter, 
'«>* tough, sears of rootlets cluster^ at basal extremity ; the starch is 
ollen gHalmiscd. 

BuitianorSJvietAeonUe has boon oscribed to /l./tarMftanicwM»,8omotime« 
folded ns a geographical taco of A. napeUus (fedohonko and Utkin, 
* W®). » plant growing in Khitghistan:. Bach piece of this drug conawte of 
about two to four broadly conical tubercles, about 3 to 4 cm. long, joined 
by tiieir upper parts to form a kind of rhizome. Ityioklsabout l-Sjicrcent. 
of total alkaloid, apparently rvaorahlmg that of A . uapellus. 

diM Foot (A. hftrrojihyHdra tVallich), sirutfl, ovoid, groyinli roots with a 
bill«'f bill not numbing taste ; contain tho alkaloid atiKinc, which « much 
•'■'I toxic than acniutine. 

BARSAPARILUIu Radix Saw®, Radix Sanaparillio 
Sources. Ssvoml varieties of earenpnnlla nro imported, but tho one 
known Jamaica sursaimrilla is tlio mont intoemMl lu tins countiy. Thw 
%-nnpty h obtaini-il from Smilti* onuita Hooker flliua, family I.i!inceiv, a 
clirnbing plant vnth woody stenw, n«cetidjfig lofty Inva, mid Hpnngmq 
a •tout, knotty rhizomo. From tlm rhixo/no shvt/Ier cylujilrical iwt* 
an' throwu of! hontnntally an<l Cfvcp for many fi*et a few incho** Wlow tho 
*' I the earth. In collect iiigtitf' roots they am first laid tinmmid then 
pit till iM-nr iliA rhixojne. After flip)- luivo brnm dnc»l the}* nrp made into 
undl,.* ; n mimlw'r of tlu-se one p!»a-«l u]>ncht and l>r»tmd with \nro into « 

Tlw plant is a native of Ci'ntrnt Amenca (CosU Hica}. TTie mol was 
'‘niwriy exportiii ew Jamaica; Jieneo the dtwgnafion “Jnmmc/i” 
MixtpanUa. 

Jamaica aaiRapnrilla »s importM hi bundles about half a 
' *■ M hnig Slid i; cm. In diiuwter, weighing about, a kilogram. Each 
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brmdlo consists of numerous long, slender mots about 3 mm. in thickness, 
doubled up and bound loosely with one of the same roots. These usually 
have a dark reddish-brown colour, are much shrunken and furrowed 
longitudinally, and bear tolerably numerous branching rootlets. ITiey 
are tough and flexible, not breaking oasily even when bent double. The 
transverse section exhibits a narrow, dork reddish-brown cortex surround- 
ing a central stele, which consists of a ring of yellowidi wood with largo, 
radially arranged vessels and a white, starchy pith. The bundles are always 
free from the rhizome chump ”). 

The drug has no odour, and only a slightly bitter taste. 



’ * • ...Mipanlla. (Prom Pharm. Jwm.) 

Gctt^uraentS. The chief constituent in Jamaica, Honduras and probably 
other aarsaparillas is saraaaaponm, C4|H)«0t9,7H}0, a crj’stsllmo glycoside 
yielding by hydrolysis saraasapogonin and dextrose. According to Power 
and Salway this is the only definite sapomn-glycostde in Jamaica sarsa- 
paiilla, which also contains sarsapio acid (s crystalline dicarbozylic acid), 
dextrose, fatty acids, sltosteroW-glycosido, resin, etc.* It has been 
assumed tliat sarsapaiflla is practically devoid of therapeutic value, but, 
in all probability this is not the case. Like other drugs containing saponins 
it pofiseeses hsemolytio properties. Tho haemolytic index ia the number of 
cubic centimetres of a suspension of rod blood corpuscles just haamolysed 
by 1 gramme of the drug. Experiments in this direction have shown that 
Vera Cruz sareaparilla has the highest hjemol 3 rtic index, Jamaica rather 
lower and Honduras much lower (Hering, l&SO). 

ITses. Sarsaparilla has been administered as an alterative in syj^HIis, 
chrome skin diseases, and rboumatism» but great diversity of opinion 
exists as to-its therapeutic value. 



Ejo. 172. Bundle of Honduras sarsaparilla. Beduced. (Pereira.) 

Varictiw. Several other varieties of satsaj^rilla are imported into the 
English market ; the following are the roost important 

1. SonditraB Sarsapariila, the botanical oragin of which is unknown. 
The drug ia import^ from Bntish Honduras in serons containing a 
number of bundles about 76 cm, long and 6 or 6 cm. wide, much longer 
and narrower tborefoto than the bundles of the Jamaica variety they are 
sometimes closely whipped rovmd, or sometimes loosely bound with a long 
root. Tho roots are distinguished from those of the Jamaica variety by 
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JJwir pftl« yellowish or brownish colour> and by their less shrunken, more 
I’Jump and starchy appeoranco, t)»oy hft\-o genemlly f corer rootlets uit ached, 
and are alwaj's free from rhizome. The section exhibits a pale, starchy 
cortcr.omally thicker than that of Jamaica Kaisoponlla, but asimilnr stele. 

This variety is largely usod on the Continent, where it is generally 
ITclerrcd. 

J. Hrrvi ^’arsapan'Kof is imported from Panama in bundles about 60 cm. 
I'wg anti about 7 cm. in rliameter, loosely folded, bound %vith o root, and 
latule into bales similar to those of Jamaten sarsapnnlla. Tins drug shows 


cava constitute a most valuable means of identifying and distinguisliing 
thev ilrugs. 

3 . Ou^fjviuil SartnjMjrilia i* imported in rectangular pressed balc« 
containing a number of fiattisli bundles about 50 cm. long and 15 cm. 
Wide ; the knotty rhiiomo and portions of tho stout, round aerial stems 
are often present. Sometimes the root is imported loose in bales. It has 
* mahogany brown colour, is usually larger than tbo Jamnicn, not so much 
uutvwM ftnd with leas numerous rootlets. 

K..U I Cruz or Afcrican Sartapntilla is obtained from S. fncdico 
^lechteiidai et Qiamiaso. Both rhizome and roots am collected and 



Pic. 173, Bundle «f Vera Cruz ssnaparills. (rereira .1 


^ mis and 

*'zc«i.>rwu«. 

iSaraipnfiftt is obtained from plants, firesiimably 
Y lIiunboMt, Bonpland ot Kunth, cullh'afe«l on llio island 

rj truly Jamalran sanwparilla, commercially known as 

ttutix^ ' Jiuiviica — «• »» * — »..ii . .,1 ,« • 

(or. li..ttr . • • « ■ , 

an<t IS of ft 

*^tf<'rrvl, mtlior s . • ■ • . «i , 

e«'firx iir'p;im!«^l by n clHtinct |im» from a mtber dftrkt^r strle. Ti »»'0 
e •uf!lci»*ntly iltatingubli ’‘namie ’* Jamnira narMniwrilla from Iho 

'“•to IWo.Jni;.. 

A r<in«iib*fnbla vnrioly of roots liava from lime to time 
wav into tl»o Ihtn)p<aniivifk'’t*iind'*r(}ioitatn''fif Mrva(irtriita ; 
' * fVii/ofrw/mn rhironvw of Pttru »p., ote. ; irw^t «>f tl^in 


J AlAP. mill JaJipnj 

.lalap i« obfalrwd from /fwnnw p«rj,n Jlstue, family 
‘avoJniUora.^ * plant with rlimbing, twining slrma Indig^*nwn 1o 
of the Mexican Aftdo*. Ibo Spini.tnl« Isransn 
•^tutr.tM With thi» and similar porgatire ConTolruUceoua plxnla 
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early in the sixtconth centuiy, and oxfKJricd considerabJo Quantitiea 
of them to Europe. 

Collection and Preparation. Tho plant Bondn out elondcr mnnora which 
nro provided ot intorvah with catophyliarj' loav'cB in tlio axils of %vijich are 
buds ; below the buds roots an> produced, somo of wliich thicken rapidly 
and form fusifomi or napiform members, often of consiilorobloaiae. TIicto 
tuberous roots (tuboreJes) aro collected and dried in nets over fires, tho 
smttllor ontiro. but tho larger longitiMlinally inci«so(l to allow of tlie free 
©acajio of moisture. fresh they aro fio^hy and white internally, but 

by <irj*ing, ospocially in tho manner intlicatcd, they darken in colour, 
^alap is importod in sacks from tho cast coast of Moxico, an<l distin^isherl 
08 ** Mexican " cr " Verti Crui ’* jalap. 

The jalap plant has boon cultivated in Indio and Jamaica, but the^o 
colonies do not nt present coropeto with Mexico in tho supply of the drug. 

Hescripb'on. Jalnp tubercles ore fitsiforra, sub-spherical, pear-shaped 
or irregularly oblong, about 5 to 30 cm. long and 2 to 20 cm, broad. 
Tho small are usually entire, but tho larger bear gashes that haro been 
mndo to {nclUtato tho drying; some Bpccimens oro divided into 
quarters and occasionally the tubercles are ctit into transverse slices. 
Towards the lower extremity they taper o0 and show n fractured end 
where the slender part of tho root has been broken off. Tho surface’ is 
dark brown, furrowed and wrinkled (but not conspicuously convoluted), 
and marked with numerous, paler, elongated transverse lenticels. 
They are heavy’ and compact, andso hkrd as to bo broken with difficulty 
but softening readily in water. Internally thoy have n yellowish-grey 
Of dings'- Sr®y colour, and arc verj' tough or homy, f ho transversely cut 
surface exlubiting dark curved lines irregularly arranged. Thoso lines 
are duo to tho formation of accessory* or tertiary cambiums, an 
abnormal dovdopraenfc that is root with in some families, notably in 
the Chenopodiaceac, Amarantacem and Conx'olvulacea). Numerous 
dark resin cells are visible in all tho phloem tissues ; the xylem vessels 
are scattored singly or in small groups tliroughout the tissue within 
the outermost cambium ring. 

' Jalap has a distinct and characteristic odour which is often ascribed 
to the smoko from tho fire over which tho roots have been dried, but 
which is, partly at least, inherent in tho drug. The fasfo is at first 
Bweetiab, but afterwards disagreeably acrid. 

The heat to which the drug is subjected during the drying is generally 
sufficiently high to gelatinise some of the starch, especially in the 
interior of the roots, where the moisture is retained longer than in the 
outer portiong ; hence tho homy and not starchy appearance of the 
drug. Roots obtained from cultivated plants in India and Jamaica 
are usually moro carefully dried, and present a mealy, not homy, 
appearance in the interior. 

Histology. Tlio outer surface is covered by a layer of cork composed of 
brown-wall^ polygonal tabular cells ; beneath tlua is a band of secondary 
phloem, about 1*5 to 2 mm. broad at tho widest port of the tubercle, 
fo-rroed by the normal circular cambium on its inner mat^n. IVithin this 
cambium is an extensive parenclr^matous seeondarj' xylem having vessels 
scattered singly or in small gro^; around many of these vessels or 
groups# accessoiy or tertiary cambia anse, some of them circular and otbeia 



Fio. 17*. Jalap. Tpomaa pur(^. X. o amall 
Ifftfvnvaraftly cut aurfaco of ft *jn*U t\il»etc!o ^ * v,rtnrirnT Jatpx cell-* 

tubercle x 100. D, longjtwlmal aection of the ,^1“” 

X 200. £'. povrdc^ of jalap X 200. *r 

khowing calcium oxaUto cliuteni X 200 ®» . „ llu^ccr 

b. acar left by alcnder part of the root . c6. cambium ; 
crjtlalofcalcmmox&latrt, /if..flbrou«t»cTMM«lsi Xu^m'- 

McnticeJ. I^r.longitudmal groove* . ?«’'• ?/ T.S ! 

*e. acctction «ll} *r. iecretwn ; ac^r, eccfolion cell ; .1. rtarch , 1x0.. 
tertiary cambium ; v, \e«»ol. 

cither ft, curved lirtca or long clHp«w. TJjo nccoasoiy cnnibia 

»J*lwn on their concave, facos nml tcrtiory phloem on tho cont cx 

tUt tlw whole contml tweuo comrt to onclow numerous small ami 

ktmmU of tcrtiao' pWown. In «U tho phloem tissue Utex wlU occur» 

nmally {„ longitudinal rovrs Mid givo iwo to tho dark rusinoti, 

hi tlio thW ucatlcrtd throughout tlw tr«»svenioly cut surface. Xh * nil 
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of tbo SQCTOtion colls oro suborisod and their diamotor ia obout COji. rnie 
resinous mosses stain brmvn with iodino and rod with tincture of alkaima ; 
they are soluble in caustic olkali, Tho colls of the parenchyma contain 
starch grains which are simplo and rounded or two to four-cornpound, 
individual ^ains ‘boing about 8 to SO to 66(i, with an eccentric hilum, 
usually having tho form of a two- or four-rayed split. -Cluster crj^tals of 
calcium oxalate, about 15ji to 30{i in diameter, occur in small numbers in 
some of tho colls of tlio parcnehjrma, often two to four ct 3 ’ 8 ta !0 in a cell ; 
there oro also somo small prisms, a^ut Ojt long, ecattonil in tlio paren- 
chyma. Occasional sub-rectangular aolercnchj'xnatous colls, with a fairly 
wide lumen, occur in tho phollodorm. Fibres nro absent from jalap. 



Fio, 176. Jalap root. Broall Fio. J7C. Taniptco Jalap root, 

specanen, nottarol site, showing NatTual oize, showing convoluted 

the tranaversD lenti cals. surface. 

{Both after Gn«nuh.) 

Constituents. The principal constituent of jalap is the resin, which 
can bo separated by extracting tho root with alcohol, concentrating 
the tincture, pouring it into water, washing and drying the resinous 
precipitate. The drug contains in addition colouring matter, mannitol, 
sugar, starch, ^-methylseseuletin, ipurganol, a phytoeterin and calcium 
oxalate. 

The resinous precipitate obtained as described is known as “ jalap 
resin.” Tho yield has varied from 2 to 22 per cent, of the drug ; 8 to 
12 per cent, ia often foimd ; under exceptional conditiona.tb6 quantity 
has risen in roots cultirated in India to 20 per cent. It is characterised 
by its partial solubility (about 10 pw cent.) in ether, the portion 
soluble in ether being assumed to be identical with scammony resin. 
The portion of rosin insoluble in ether is often known as jalapin ; it is 
also aometimea named convolrulin. 
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W.p r«.ii i. »s 

rSSjricBif^en^am^ potassium 

When jalap •resin iS other water-BolubW ac ds 

y^aesim aaUs of fertile, inetlwleth^oc^^^^ golution is acid^ctl with 

Z tormdl wppnuy, (though tho soluUoo may 

hv*ocMoti» asM no preoipitnto u ' 

.tauanopoSwconwduototracMO^ )- . . secretion, 

Bscs. Jalap is a powerful aUtmilant ‘ ^ j „ joses aetiuo 

proJncmg iu Imall a«M » 

porgatlon. It is much used M a hy 6 gu . ^ Jpomoo 

SaMtates and AdnHeraata, mowing on tho eastew 

^imulomHanhury.aptantroeei^lu'g-**? ^ ^CTortod from Tampico { 
dope* of tho Mexican Andoa. Vem Cnwj.’whonco d 

tOTOonthfiGttliofMoxico,Bbout 200md^north the London 

ilmv« its name. Thla root, Snatkably convolutwl 

market, « ihstinguishod by its KWgnl»r ^ lentioels clraractonsti 

snriaee.-whicbdownot exhibit the sm^tta cent, of resm. which i 

r{ tn« (Vera Cnu) jalap. It yields aW ^olnbrbiy 

ilntingui'hed from the resin of tnm l^lnp ^a.voi with the ethor'Seldblo 
ctlvr. This resin (tampicin) ia probably identical witn 

fe*m ot jalap and teaininony. „ _ s^irtnV is nrotluccd by 

0ma4 jViap (light, woody. staOca or male jelap) i* prot 
wiwifnjij (Pellet.) Lodanois. (Beo bolow.j 

0B3ZABA JALAP ROOT. S™'’* 

imict.) Lcdancis, family Couvolvulaccm, s p™ of 

OriMba in the Jlexican Andes (about ^ -yt into piece* of 

Vfra Cm). It produces a lai^e, which haa long boon 

nrying aiw and abapo and dried- ^o ^SUported in cotwiaeniblo 
Vnotm AS light, woody, stalk, or m^o jalap, ^ 

'loanliiics, under the name of Mexican Bca^ J- jponicea »ro 
Description. The tubercles of Mexican Sca“®o"> cm! thick, and 
Urge and lusifortn, about 16 to 20 cm. Entire tubercles. 

WffljviTcd with jalap, they aro light nre occ-asionally 

tOTRciimw abuibed longitudinally to facditat® dr^ S about 0-6 to 
ttaported. but usually they aro cut into transycre wed^ 

2 cm, thick or fometimea a.s much aa 4 cm. a ^ coarsely 

'kiprd. Eitemally the tuberclw ato groyishdUacK »» 
yrinklcd. The traivsTcrBC surface of tho _-p.i ,n concentric 

from the projection of numcroua woody stramW a b — phloem 
nreW, o! uhieh five or »uc are often • ,i,„rp are mimerou' 

•nd p-irmclmna — between the xvoody rmg* fracture short. 

rwmK^lls. The slwea aro tough and 
»nr^hr and ro-inous ; tho odour is alight and the taste 

HatclOCT. TIk! numcrou.* rings of 

‘''nriiy ,.i nxe^Wo c «mVu». At tlie rentro of tlift r« ^,„lfiry *> h-m 
f'^.AMihR of ifie jrimaiy *>*lem rutroundetl ^ ndrr « hmue« 
i ■•nu-l t.y ,u onpUial catnlnmn. which ceewes and f.>rm» a 

I*’*"!'. « njw a«y^iry eambiumnow an«rs ui tiwuo' mi'» 
>“‘C <l tcrtuirj lumdles surrounding the un't 
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sopamtod from oiio nnother ftntJ from tho control group by parenclijinfl. 
Aftor a Bhort timo thia cambium aI«o coft^s to function anti occessorj* 
cnmbia nro formwl succcaaivcly in tho poricyclo, producing ntlditionfll 
riiJg^ of buntlloa bb tlio tubcrclo incrcnaoR in «5zo. 

Abundant st«rch gmins aro prc<»cntr in tho paroncbjina, most of them 
being two- to six-compound, imUvidual grama Iwing mostly mullor-Hhnpod 
and up to 35|t in diaraotor. Numerous cluster ciystnla of calcium oxalate, 
I6[i to 45jt in diatnotor, occur in tho parenehj'ma and also a few pri'nas. 
Tho xylcm contains numerous vesaoU with bonlered pits and nl‘io thick- 
wallwl xj'Iom fibres. Tho cells of tho cork nro thin-waU«l and usuaJlj' 
hgnifieti as woH as Bubonsed. Tlio rosin or latex cells occur nbun<lantly in 
tho parenchjTna of Iho phloem and tho rosin stains yellow with iodiiio 
water. 

Constiluents. Ltko jnlftp, tho chief constituent of Orizaba jalap root 
ia tho resin it contains ; other constituents of less importance nro sugar, 
j9-methylscacwlctin, dihydroxycinnamio acid, fatty acids, ph^'tostcrol, 
starch and calcium oxalate. Tho amount of crude resin varies from 
0 to 22 per cent., averaging 12 to 18 per cent. 

Tho crude resin is n very complex mixture. It contains about 
6 per cent, of fatty substances, d4-8 per cent, of resin soluble in ether. 
Tho othor-sohiblo j>ortion is not identical with tho otlicr-solublo portion 
of jalap rosin. By alkaline hydrolyals it >dc!As ipuranol, rocthylbutiTic 
add, tiglio acid end a product which, by acid hydrolysis, yields 
doxtroso, molhylpenlose, jalapinolio acid and methyl jalapinolato. 
The chief constituents, theroforo, appear to bo tho glucosido and 
mothylpontoddo of jalapinolio acid and melbyl jalapinolato. The 
following table shows tho soUtbllity of certain convolrulaccous resins 
when treated with various solvents in succession : 




Smaneer 

CMrotrWm 

^/nntanla 

Veitr&D 

SruBm. 

nru. 

tpmai 

purptm 

Petroleum Spirit . 

. 1*0 

4*5 

0-2 

21 

80 

Ethor . . 

. 0-7 

02*5 

64*8 

54 

7*3 

Chlorofonn 

- 241 

0*4 

00 

73-4 

0*8 

Ethyl Aeotflt<j 

. 220 


24S 

14*2 

23 8 

Alcohol 

. 38*8 

*1*8 

2*3 

4*7 

49*0 

Acid Value . 

IE 

20 

20 



Snponifiention Value 

. 140 

235 

160 



Optical Notation . 

. -37* 

-10-8* 

-23* 




BRAZHJAK 3hlAS is the root of Pijaosieffia Pitotiia JIartius, family 
Convoivniacea!. It occurs in tlio fottn of troH8\-orso. circular eljces about 
3 to 8 cm. in diannetor, an<l 0-5 to I cm. thick, pnlo groyish-bro%m, with 
eovoml coneontrio rings and numoroua pnlo resia colls, it is less fibrous 
and lighter in colour than Mexican Bcammony. Tlio tlrug contains about 
20 per cent, of resin, about 0 por cent, of which is eohiblo in ethor. Scovilie 
(1918) found 26'5 per cent, of rosin, of which petroleum spirit dissolved 
3'7 per cent., benzene 6*3 per CCTit., other E-O per cent., chloroform 10 55 
per cent., and acetone 09'4 per cent. ; acid value, 23*1 ; snponiflention 
value, 141*0. 

Tho root of IpoTTUiPa purpurea X4nn. {N. America) contains 4*8 per cent, 
of n purgative resin. 



CHAKEB XIV 

VBOrgaDisea togs compSei "J" 

oiiHotm throughout and are not “ ~ usually derived 

defaite plant or animal of extraction, such ns 

from parts of plants or Mumala by *”'“® P ^jon c J., olive oil, or 

incision, e.s., opium, decoction e J., ”8“. ’ 
are natural seexetions such as beeswax a yxr soiue, 

The commercial articles so tiem, the morpho- 

such as oils and Kibams are fimds. In ^ one therefore 

lo^cal terms of biological science are ina^ colour fracture, etc. 
uses various phj’sical characters of t , These characters 

solubilities in common solvents, and drugs included in 

and teats enable one to identify and dislrngursh tne uru^ 

'’’'SgSd drug, can be ctoi^cd under >>“'4 "P“ 

origin and naturo. giving n;cU.chatacterMd , j., catechu ; 

htei, e g., opium, and dried juice, e g., c.g , mjTrh \ 

guraa, e g„ acacia ; resins, e g., '“'"P^P’^aacoharins substances, 
olco-resins.e.g., copaiba ; waxeB,e.g.. ; . ^latilo oils, e.g., oil 

ag, honey, oils and fats. e.g., castor oil, lard, volatile u 

of cloves. 

dbied latex a , 1, ■ 

Lntex 1*1 All cmul=iien or a au^nswn, alkaloids, 

on aqueom solution of mineral salts, , .f mini, proteins, 

etc/and the sn.^vuded t«^rt«les am od-dm? ota, ^ 

starch, caoutchouc, etc. Tlih turbid ftoid f m CAcfi- 

the opium poppy, «*^”*-^'^’^Va^i^hertuomoof San/juirwria 

dmtumtmi^Hfl.the greater celandino, or rou as in namwl laticifcrous 

5 it ocenm m the plants m into the plant, 

cells, tubes or vessels, from whicb it « o^tam^ by mc«^ 

Laticiferous tissues then ato of throo _ ialao Jpiwwea purga, 

Laticiferous cells oro of different sizes end slwpe * largo 

family Com-olvulBcc®, they oro _-S end to end in longi- 

cyluulncnl colls, about os long an wkIo and arnm^ ouonvmus bark, 
tiiiliiiftl TOWS, but the end walls „ ' i»a ^ro n^oroua m 

Euonymtw otropurpurew, family Cplftstnu^'O, t „ „,th coUiilosie 

the 1,1, loom nnd liivo tho form of bmnehed 

Willie a, id Ulox contents, latjcifcroiw tubes a nhloom of Connobw 

and unhmnoh«l. Unbmnchnl t«bc«, ato ^ ^'vuig-pomt 

Mf.ni, family Catmabmaoc-ro. whore- tbo h.,t trai^-cre«’ walls 

and cominually elongate as the plant grows in be e • pTwliicmg ft 

arc .mffomusl though tho nucicnybv.dcs rop‘at«lb • ‘b»? P^‘ 5 ^,1 
c«-«<,ojtic Btmetun-. Brancbisl tubes ^«r m Ely 

Al>oc-j 7 iftce!P, Riwl in Euphorbia pilult/cm and „ which crows in 

Kitj-hotbinci-.v. Each tube is dowlope<l from a smgto .../i.. i,miicl»os but 

t™u.v,.n,„ Jll, „„ „„, tonnrd. Tl.» Ulicilcmu.. 

n-oocnimitl. when i-wilatcil or in JongitiMlmal section^ O Latjci- 

^irving walls fthoMing no inegufanlies owl no short pmj- pliloem 

f«Toui« vessels res\jh from tlw (uaion of mimorous cc 
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parenchyma. laticiferous vessels «ro pi-o<.eiifc in dandelion, 

Taramcum o^cinale, family Composite, in lobelia, Xo&eZifl tnjZato, family 
LoboUape®, and in the opium poppy Papaver aamnifenim, family 
Papaverace®. Colls of the parenchyma bocoroo filled with latex and the 
wallB of conti^ous cells break down thus forming irregular branching 
structures, which are easily dUtingifished from “ tubes ” hecaus© of 
irregularities in, th& avails and the ocemrenee of short projections at 
numaroua indeterminate places. See I^obeha, Kg, H6, p. S7B, 

The walls of all these laticiforous structures ar© resistant and 
consequently tho structures can b© isolated from the surroimdiag tissues 
by maceration on a water*bath in 5 por cent, aqueous caustic potash or 
soda. 

opnna 

Soares, cte. Opium, consists of the dried iatex from the unripe . 
capsules of the opium poppy, Papaver acmniferum linn., family 
Papaverace®. Tho drug was Imotm in very remot e times, as both the 
Greeks and Roiaaos were well acquainted with it, and with the manner 
in which it was collected from the unripe capsule of tho opium poppy. 
The phyBicians of the Arabian school probably introduced the drug into 
India os well as into Europe. It was originally used as a tae^cine, 
the practice of op3um*eating having originated probably in Persia. 

Opium 18 collected principally in >&oedoiiia, Yugoslavia, Bulgaria, 
Turkey, Persia (Iran) and India. 

Coltivatioa. Th« poppy which is preferred for cultivation i$ noi a pure 
strain, biit is a croes between Papaver tontm/erunk var. and o violet* 
grey form, bo that the petals have s pole greyish-Iilac colour. The plants 
are cultivated in small fields in surmy situations m the plains and vallej’s 
and the crop rs alternated with maire, tobacco and other crops. Successive 
batches of seed are eown from Sept^ber to April so as to avoid loss of the 
entire crop from frosts, drought or other accident. The seed is sown after 
mixing it with 3 or 4 parts of sand. The plants ore thinned to allow a 
distance of about 26 cm. between them. Each plant branches near the 
ground and reaches a height of 60 cm. to 1*6 metres according to the 
season. They flower during the end of May and the beginning of June 
and between June and July the CflpeUlea, which number about five to eight 
for each plant, aryive at their foil aize. 

CoUeciioa and Preparation. While the cspsalea are still green or are 
just showing a tint of yellow, ineisionB are made into the wall, so as not 
to penetrate into the loculus, whi^ would result in loss of opium and also 
prevent the seeds from ripening. Precaution must be taken to choose tlie 
time for malong the mclflioriB bo thatneither rain, wind nor dew is likely to 
spoil the exudation. The incision cuts acro^ the latioiferous vessels and. 
Since these ve^ls ramify and anastomoae throughout the phloem tissues of 
tho capsule waif, the later from a large area of capsule exu<h>s in small 
drops along the tjdgoa of the incisions and partially dries in tho air. Tlie 
incisions are usually made in tho afternoon and the exuded latex is scraped 
o-ff with 6 knife or ft special instrument early on the following morning. 

The type of mstrument used and tho manner of making the incisions 
differs according to the cotmtry of ori^. In Jugoslavia, Bulgaria, 
Macedonia and Persia a single ^rizontal incision is made ©quatorially 
round tho capsule, using a small sharply pointed knife, about 2 to 3 cm. 
long, tnount^ in a woi^en handle a^nt S cm. long, tn JugoaUivia and 
Macedonia the exudate is collected m conical tins lined with poppy leaf 
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and UoMijig alwut 750 g. of moJsC opiuffi ‘Pie nis^»cs ttijutnl out from 
the cans arc soft, conical and covered with poppy leaf. In districts near 
Strumitza the latex k put into such as empty glycerin tins, and is 
carried in a semi-fluid condition to tho factory, where it is dried in warn 
air, Tho opium thus produced was fomacTly known as “ soft shipping 
ppiuin ” ; It is now mixed at the govomment factory at Beopud (Belgrade) 
by passing it through a rmU nod tsjnade into oblong cakes* about 
1*5 to 2 5 cm. thick, 18 to 20 cm. long an<l 6 to 7-5 cm. wide. Die cakes 
are eometimes dried aa they ate or they way be first rolled in coarsely 
powdered poppy leaves and then elowly dried, for which purpose they are 
placed on traya of wire ncitmg stretched on wooden frames and exposed 
to o warm atmosphero for a Jong pettoil Wicn fimsfjed tho cakes usuaHy 
weigh from ICO to 225 g. each ; they aro packed with fruits of Humtz 
in cases holding about 80 Mont of t&s opima goes to the 17.S.A, 

In Persia (Iran) the exudation is scraped off with a knife and collected 
in a Email bowl or on a poppy lent ; it is then mixed and made up into 
rectangular brick-shaped cakec about 10 X 6 X 7 cro. Each brick, which 



7ra. 177 Capgulee of Papaier sommfertim, Bhowtng incisicna for the 
prodcctMQofopiuRi, Froin Ufl to right— jracedoaien, { Turkish i Indian 


IS wrapped in paper, ususHy twl ui colour, weighs about I lb and J6D of 
tlwtn are packed, in a ca«o for export. 

In Turley (Asia Minor) a apccial cotter js used; this consists of ft 
Wooden handle, about 18 cm long, with « flat end m winch are embedded 
foven small km\-ea, tho tips of which project about 1*5 mm. so tiiat 
lUciaion’? cannot bo made too deeply. The cutter is drawn arouml tho 
equator of tVio capsule thus making *oven parallel incisiona from which tlio 
latex exudes. The incision maj- be repoated after a lajiae of two or three 
tlftys and sometimes tho capsules aro inciseil three times Tlio latex is 
removed « it h a special copfWr instrument, shaped lifai a snvjll troy about 

13 cto. long, 6 5 cm. broad and S cm. deep, having a wooclen handle about 
12 cm. long j at apoint near the handle there is a gap m tho side of the tray, 
lea\nng tho edge of the hose exposed for a length of about 2 cm. This 
««g6 is usetl to scrap© off tlie partmlly inspis-satcd latex, which la then 
pusnwi forwanl into tho front rounded end of tho tray. Tho scrapings are 
mawod into baJh of various sizes, wrapped in poppy Icavoa anti packed 
nitft ifMmea: fmila for transport to TstAnbul, w/icro tiioy are nuxed in a 
mai nncl moulded mVo tnuform wib^^Iuxdnca) cakes about 0 cm high and 

14 cm. m diameter, each weighing about S fciJas ; they are pocked forty 
in a case. 

In India the incisions are mado with on instisimcnt nomed ft "imEhtiir " 
whicli consists of three, or four snu^U blades, sejinratpil by spaces of about 
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3 mm. and tied togolJier bj* cotton thread to fonn a cutter \\itli tlio cutting 
teeth projecting about 2 mm. This “mishtur** is drawn from below 
upwards to mnko a set of throo or lour vortical incisions and tho operation 
1*5 repeated on each capsub throo or four times at intervals of two or three 
daj’s. TJio opium is worked up into a homogeneous mass and is made into 
cubical cakes for export. 

Description. The cakes of opium formed by the collectors in tbs 
field have shapes which aro rounded, conical, irregular or flattened, 
and vary much in weight from about 60 g. to several kilograms and 
they may or may not bo covered by poppy leaves. This form of opium 
is usually referred to as “ natural ” opium and does not come into 
regular commerce. The governments of the countries in which opium 
is prepared have established monopolies in the opium trade and cakes 



Fro. ITS. Turkish cpmm. cake of marupuJated opium with label {l&Sfl). 

B, ft similar cake, imported 1944. C, cake of natural opium wrapped in 
poppy leaf D, instrument with seven small knives for incising the 
capsules. A, B and C X i ; ^ X }• 

for export are prepared in controlled factories where the “ natural ” 
opium is mixed and mil/ed and then made up into cakes of some 
definite shape containing a fairly uniform content of morphine ; this 
opium is kno^vn as “ manipulated ** opium. 

Turkish manipulated opium occurs in sub-cylindrical cakes about 
9 cm. high and M cm. in diameter, coated with coarsely powdered 
poppy leaves, giving them a greenish-grey mottled appearance; a 
circular official label is attached to tho side of each cake. Tho opium 
has a uniform slightly granular texture and a pale cbocoIate-brovTi 
colour ; it is moderately plastic when fresh, but becomes firm and 
even hard when kept for some time. It contains from 10 to 15 per 
cent, of morphine. Similar cakes exported in 1914 have a hold device 
stamped into the upper surface, see Fig. I78B. 

Juffo-slaviatt manipulated opium is in oblong cakes with rounded 
ends, each weighing 100 to 225 g, , the cakes are about 18 to 20 by 
6 to 7-5 by 1-5 to 2-4 cm. Externally they are either coated wth 
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broken poppy leaf and are greyish-green in colour or they are devoid 
of poppy leaf and are dark brown. The interior is uniform in texture 
and dark brown in colour ; this kind of opium contains about 15 to 
n per cent, of morphine and about 10 to 12 per cent, of moisture. 

Peratuft or Iranian o^ium, produced in the neighbourhood of 
Ispahan, Shiraz and Sleshcd, occurs in brick-shaped cakes about 
10 by 5 by 7 cm., each vfrapped usually in red paper. At times this 
opium has been moulded into other forms such as conical masses and 
short sticks. It is brittle and dark reddish-brown in colour and 
contains about 10 to 12-5 per cent, of morphjne. During 1944 
brick-shaped cakes have been xrrapped m poppy leaves m place of the 
red paper. 

Indian opium, which is produced chiefly in the central districts of the 
Ganges, including Behar, Benares and Patna, and the tablelands of 
ifalwa to the north-east of Bombay, is controlled by the Government. 
It occurs in blocks, which are very dark brown or nearly black and 
internally are smooth and homogeneous. It is imported into Britain 
in cubical blocks, about 8 to 9 cm. edge, each weighing about 2 lb. and 



wrapped in two sheets of thin white paper and tied with string. The 
blocks are packed in cases containing 160 lb. ^is opium Stains 
about 13 per cent, of moisture and from 9 to 10-5 per cent, of morphine. 

Microscopy. Powtiored opium consists of abundant brown granular 
amorphous mawes of dnc<l latov, tlio mas-^es being irregular jn shano ; 


......u....... ..uwo , e-Miiouing a wctronal view rKow the greater 

thickness of tho outer wall ; occaMonal stomata of the nmuncukceoii'i tv-po 

«ro pre"«oat. Sfost of (Iwso cpnlemtal cella ore strongly pittetl civine the 

lumrn a stellate form . 

lower epHlermises of tl ■ , 

compo’^ r>f thin-wnlU 

the Icnrer epiilcmus. £ 

present, tho grams being lounuwi ana aiwut 4{i to Sji m diameter, 

ConsUtnenls, Opium comains about tofiitv-rnm diHurent alkaloid, 
u-bicb occur m combmalion uith lucconic acid, of wliicb about 5 per 
cent. i. preent, and u ith aulpburio acid. Other connitucut. are amall 
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q^uantities of mucilago, sugar, -war, caoutchouc, and salts of calcium and 
magnesium. It is useful^ to note that starch (except for very small 
traces), tannin, oxalic acid and fat aro all obsent from opium. The 
most important alkaloids aro morphine 10 to 20 per cent., codeine 
(mothyl-morphino) 0*3 to 4*0 per cent., narcotino 2 to 8 per cent., 
thebaine 0*2 to 0-5 per cent. Narceine, papaverine and the remaining 
alkaloids are present in very small quantities, constituting together 
rather more than 1 per cent, of the drug. 

Jlorphino, (Ci,Hi#NOj, H,0 (or Ci, lit, NO < qjj+ H,0)),fonn3coIour- 

less crj’stnis, vorj’ slightly solublo in cold water but readily in solutions of 
cnvistie alkalies or alkaline cartlis ; it is almost insoluble in cold ether 
(about 1 in 7, COO), chloroform, or benzene. Heated with hydrocliloric acid 
m a Sealed tube to 140® to 150®, it is partly converted into apomorphino 
(Ct 7 Hj 7 NO,). Jlorphino js a powerful Iij-pnotic, but npomorphine, in 
addition to a liiTinotic action, pitKlucos a iHJwerful omotic effect. 

Codeine, CnHjjNOj, or methyl morplimo (Cj,Hi,NO < ) may bo 

obtained from th- ~ 5 -..- *-1 . • • . s t 

lised, but 13 usuc' ‘ • • ,■ ■ > 

rliombic cr^’stals 1 ■ ‘ • . • • . * 

form. It is a strong base, and is liberated from its salts by fixed alkalies 
but not by ammonia. It has only a mild hj 7 >notic action. 

Narcotino, CijHjjNO, or Cj*Hi«(OCH,),NO|, co^stnllises readily in 
rhombio prisms or needles, and may bo extracted from tho residue left after 
treating opium with water : it is a weak base, and has little or no narcotic 
action, hence it has also been callc<l ''onarcotine.’* It is solublo m 160 
parts of ether. 

Uses. Opium is one of tho most valuable of drugs. It is unexcelled 
ns an hypnotic and sedative, and is frequently administered to relievo 
pain and to calm excitement. It is also used ns an astringent in diarrheea 
and dysentery, and as a sedative in certain forms of cough, dyspncoa, 
etc. Its action is substantially that of morphine. All tho important 
alkaloids have a narcotic action which decreases in tho following 
order ; morphine, papaverine, codeine, narcotine, thebaino. 

Substitutes and Adulterants. Opium does not appear fo bo adulterated, 
though formerly many substances have boon reported as adulterants, 
feuch as flour, Icatl sliot, powdered poppy capsule, gum, roasted bread 
crumb, pounded dates, etc. Tho residue insoluble in water would contain 
tho Vegetable debris from many of tlicso and they can be identified 
microscopically. If powdered jwppy capsule has boon added, tho inner 
epidermis of the pericarp will be present ns well as the outer epidermis, of 
which a small amount is normally foimd in opium. 

Smoking opium is usually made from Indian ojiiiun by digesting the 
opiiun in water, boiling and evaporating the extract winch is then beaten 
and caiefully roastctl ; this product is tlien again extracted witli water 
and the liquor ovaporntod to a black troaely substanco known as " chandoo" 
or “ opium extract for smoking *’ ; it contains about 8 per cent, of 
morphine. The ash from smoking “ ebandoo i.s k^o^vn as “ opium 
dross.” This “dross ” mixed with the ash from "dross opium extract ” 
is boiled out with water to prepare a substonce knoivn ns “ dro-ss opium 
extract ’’ wliich is .smoked and contains about 7 per cent, of morphine 
(Browne, 1910). 
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ALOES. Aloe 

Sources. Aloes is tlio substance obtained by the inspjssation of a 
juice vrUieb. flovrs from tbe trsDatereely cut bases of the large Jeaves 
of various species of Aloe, family Xiliaceae. Plants of this genus belong 



Fio. ISO. Aloe iwa Habii »k©U3i of the plant showing the ro»©Uo of 
la^ ppmy leaws and the ittfioreecence, x ^ <Aftef EngJer } 

to the Old World and ate indigenous to eastern and southern Africa. 
The apcctea spread to the Mediterranean basin and reached the West 
In(bc8 in the sixteenth century, and certain species are now fcuUivated 
for the commercial production of aloes, specially in some of the "NYest 
Indian islands off the north coast of South America. 

Cumvatiotv and Preparation. Tho plants yielding aioca bear rosoUas qC 
largo succulent, subulate Jeaves, flat or slightly concave on the upper 


390 


ALOES 


' . ^ ‘ ■ ' ' ' ' ror, sdssilo, with a strong spine ofc 

: ■ igins. T^ie leaves are from 25 to 

. ■ ■ base. Some species o( Aloe bear 

radical rosettes of leaves and others have steins a metre or more in height, 
somotxmos branched, and bearing a losotte of leaves at the srunmit of each 
branch. Plants under cultivation oro always dwarf with radical rosettes 

and they bear spikes of 
*P yellow or red flowers. 

— ^ ^ ^ ^ j,^ ^{,g islands of Curasao, 

]( Aruba and Bonaire, off the 

A northern coasts of South 

^'‘V^*^*** Vr* America, the species Aloe 

•■‘V*' /r- • t'era Linn. (a=A. vulgaris 

I^m.) is cultivated. Toung 

• ‘ offsets are planted in rows 

about 60 cm. apart, just 
after the rains break. The 
V* cutting of leaves is 

^ made Jn the second year and 

* ' *• “ tT: I /Tt plantation will contmuo to 

yield aloes for twelve years, 
after which the plants arc 
dug up, the ground well 
worked and manured and 
replontcd. 

a. The vascular bundles in 
the leaf are isolated and form 
a lino parallel with epidermis 
at a short distance within 
tho mcsopliylK Each bundle 
has a pcricyclo formed of 
very large thin-walled cells 
filled with a viscous, yellow 
fluid, knoim as the oloetic 
juico. These aloefic cells aro 
somewhat elongated in tho 
y ^ > direction of the axis of tho 

„ . leaf and they have thin cell- 

Fio. 181. Transverse section near the margin Icaf-baso 

ofan Aloe leaf ep, epidermis , vo<«:uIar ,„ «,,♦ ♦ranRVf.rsoIv the iuice 
bundle, the pencyclic cells, o. of which aro cut transwrsel} . 
much enlarged and contain a yellow were, nows from those co is nctuaHy 
tion (aloes) ; p, palisade ; g, parenchyma ; opon by tho Jcniio and, 
sp, stoma , cr, calcium oxalate crystals ; owing to the pressure of 
m, mucilaguious parenchyma. JVfagnitied. tho surrounding tis.sues, tho 
(Tsebireh.) transverse walls between tlio 

aloetic cells in each row 



break down and tho juico is drained from tho ontiro system of pericyclic 
Cells. Tho oloetic juice is allowetl to flow away without assistance by 
pressure or other means. 

In the TFest Indies, especially on the ialanda of Atuba and Bonaire, tJie 
workmen collecting tho leaves have their hands an<l feet well protected 
against injury by the thorny plants and they put thu leaves into kerosene 
tins in wliich they aro carried to the draining troughs. Tho cut leaves are 
arranged along tlio sides of wooden troughs which are V^sliaped and I to 
IJ metres long, and are tilted so that the jnsco nms to ono end and is 
received in a tin. The juico is boiled in large copper pons until sufficiently 
thickened ; it is then poured into gourds or boxes and allowed to harden. 
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thiH i)rt5<5ucing the kmil of aloes kno%v» commorcmfly as Curasao or 
Barbados alooa. 

In South Africa a basin-shaped d«ppo*wion is matlo in tbo ground and is 
lined with canvas or n goet-fikm. Tlio cut leaves of A?oe ferox SIdler nro 
arranged around this m a eirclo with their bases directed into the akin ; 
otlior leaves are placed on top of tlio first circle and others again on top of 
these until a mound about 1 metro high w formed, and they are allowed to 
stand for soma hours wiido the juico dndns out into tlio central chimnoy nii<I 
collects in tbo goat-skm at tho baso. Tlio akin is emptictl into tins from 
which Ao juice is transferred to a largo iron kettle in which it is boileil 
dowT! over an open fire, being coiitinually stirred with « largo woodon 
pnddJo-hke instrument, ^^'hen sufBcientJy concentrated it is poured into 
wooden cnscs, where it eets to a solid mnss^ forming tho tj^po of aloes known 
commoremily as Cai>o Aloes, and w exporteil from JIosscl Bay to Capo 
Town m Capo Colony. 

On the Island of Socotra nnd the noighbounng mainland of East Afnca 
aloes IS obtftinotl from Aloe Pemji Baker and probably othor spccios. This 
juice 18 collected in a goat.akm Istiing a dcpiession in the ground ami is 
often catrietl m a skin to tho coast m a ecmi-hqiml condition. Other 
portions of the juico aro insi’iasatcd by apoiitniicous ovapomtioii by tho 
Bun’e heat and this is transjiortcti tu a pasty comlition. Arab traders 
take tho drug to Bombay and it is rcKiXfWrtcfi m kegs or tins to Europe. 

^aiuiibflr aloes is often reganlcil as a variety of Socotnno aloes, but this 
IS very doubtful and its precis© origin is luiknown. It is poured into ekms 
m which it solidifies and the skins conlamiiig tho aloes arc packed in 
svoodon eases for export. This aloos is often known as " monkey 
aloes, but the ekius are usually thoso of some small carnivorous anunals, 
not of TOonkeya. Some Zanxibar aloes is apparently allowed to evnporoto 
in small depressions lined with Icavoo, thus forming small cakes about 
8 cm. Ill diamotcr and coateil on on© sal© with a leaf. 

and Hepatic Aloes. The manner in which tJio iiispissation is 
performed has a remarkable mfltienco on tho physical charnctors of tho 
aloes If the juico is rapidly concontratcil, the concentration earned aa 
far as practleablo, and tho resulting aloes quickly cooled, ft tlrug is obtained 
that breaks with a vitreous or glassy fracture, and in Bmall splinters is 
quit© homogeneous and transparent ©von when examined under tha 
microscope. Such an aloes is termed a “ vitroous,” “ tucid " or “ glassy ” 
aloes. But if tho evaporation is corned on slowly and not quit© so far 
as in tho preceding case, a drug is obtained that is opaque and exhibits 
when examined under tho micnoscopo mmuto crystaU cmbedileii m a 
transparent rosinous mass Such an aloes is termed “hepatic” or 
“ livery " Tho crystals that it contains aro aloin, and the reason why m 
this case the aloin crystolliees, while m the vitreous nlocs it does not, is 
prohahly to be found partly m the fact thot tho conditions under which 
evaporation takes place nre more favourabio to crystallisation, and partly 
m tho conversion of tho eiystnHino alom to an amorphous tnoddication 
(SCO below) Novprtheloss overj- variety of aloes not only may, but actually 
does, occur m both the vitreous and tho opaquo modification. 

Description. I. iSoco^n'ne Aloes arrives usually m kegs or tins, or 
occasionally in large barrels, and commonly has a pasty, semi-liquid, 
or even treacly consistenco. It is then of a browniah-yellow colour 
and quite opaque, but if not too viscid it separates on standing into a 
clear, dark brown, supernatant liquid and a dark yellow sediment 
which, under tho microscope, is seen to consist of minute crystals of 
aloin. 
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As this variety of aloes contains a varying amount of water, and is 
not, as imported, in a suitable condition for use in pharmacy, it must 
be dried at a gentle heat, best by exptwing it on wooden trays in a warm 
room. It then forms hard, dark brown or sometimes, if dried at too 
high a temperature, nearly black masses, breaking with a dull, waxy, 
uneven, often markedly porous fracture, and possessing a strong, 
characteristic cheesy and unpleasant odour and an extremely bitter, 
nauseous taste. It should be almost entirely soluble in alcohol, and 
yield about half its weight to cold ivater. Small splinters are opaque, 
but mounted m a drop of almond oil and examined tmder the micro- 
scope they exhibit numerous minute prismatic crystals (of aloin) 



Fig 182. Zanzibar aloes in skin«, packed in oases. (Greenish ) 


embedded in a transparent, dark yellowsh-brown mass. This aloes 
therefore belongs to the class of aloes knoivn as livery or hepatic 
aloes » 

2. Zanzibar aloes is usually hard, but is sometimes soft, and then the 
contents of the case become compacted into a solid mass. Pieces of 
the so-called “ monkey ” skins are found with the aloes. Another 
form of this aloes consists of small flattened oval cakes about 7 by 5 cm. 
It has a liver-brown colour, and a dull waxy, but nearly smooth 
and even fracture, usually shomng a few very small cavities Its 
odour is characteristic but not disagreeable, and the taste is very 
bitter. 

Both the foregoing varieties of aloes occur also in the vitreous 
variety, but are seldom imported in this condition. 
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3. ....... , 'black 

colou . ■ glassy 

fracti ■ ' 'vn or 


amber-yellow colour, and exhibit no crystals when examined under the 
microscope. It belongs, therefore, to the class of glassy, lucid, or 
vitreous aloes, and may be easily distinguished from all other glassy 
aloes by its very distinctive sour odour and by the pale yellow colour 
of its powder. Although normally quite vitreous, when kept under 
suitable conditions crystals may make their appearance. 

4. Barbados Aloes or Curasao Aloes. No aloes is now produced 
in the island of Barbados, and that which bears this name is in reality 
prepared in the Dutch islands of Curasao, Araba, ami Bonaire ; it is 
therefore more appropriately termed (yov&gao aloes. 



A. B o 

Fto 163. A, Curo^Bo aloes m gourds b, Curasao aloes in case 
c, Socotnne ^oes (Greenish ) 


Curasao or Barbados aloes arrives usually in boxes, sometimes in 
gourds It occurs in vitreoua as well as in the livery variety ; 
the fonuer, commercially known as “ Capoy Barbados, may ^come 
opaque on keeping, a change to bo ascribed to the slow crj'stallisation 
of the aioin It is also by no means uncommon to packages that 
are partly filled with glassy, partly with opaque, aloes ; sucli ^Serences 
in the appearance are probably duo to slight tlifiercnces in evaporating 
the juice. 

Livery Curasao aloes of good quality varies in colour from yellowish- 
or reddish-brown to chocolate-lwown, lower grades being black and 
occasionally burnt. It breaks with a dull, waxy, even fracture, email 
splinters exhibiting under the miacrosoopo numerous mmute crystals of 
aioin. 

Vitreous Curasao aloes, which is not a highly esteemed variety, is 
distinguished from the liTCry by its transparency. It has usually, 
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in small fragments, a garnet-red colour ; in other respects it resemWes 
the foregoing. 

Curasao aloes has an intensely bitter taste and a strong penetrating 
odour which is faintly reminiscent of iodoform. 

All varieties of aloes have a density of about 1*33 

Microscopy. The four kinds of nloc.s can l)o clLstinguished, when in 
the form of powder, by microscopical examination of the sample 
mounted in Inctophcnol, Capo aloes then appears a.s transparent 
broViTi irregular and angular fragments ; Curo 9 ao aloes shou-s fragments 
composed of innumcrahlo mimilo slender prisms or needles ; Zanzibar 
aloes shows irregular lumps with embedded nodular ma.ssea, individual 
spliccritcs being about 10 to 20/i in diameter ; Socotrino aloes consUts 



Fio. 184, Powderfd aloes. Frftg7n<*nt9of^, Cape ; Z7, Curacao ; C, Zaraibar 
nn«l D, Socotrino o]oc9. Mounted in Inetophrnol. All x 150. 


of fragments composed of fairly largo prisms grouj>cd irregularly into 
masses ; sco Fig. 184. Tho sphrerites of Zanzibar aloes show a good 
cross in polarised light. 

Kote. For Iho micro«!Copical o.xnmitmtion of powderc<l aloes, it will bo 
found that tho u«io of almond or other oil or of liquid paraffin or glycerin 
IS not so good a mountant os fnclophcnol. Lnctophonol brings about a 
gradual solution of tho particles nnd tho crybtnla becomo rapidly ond 
clearly evident ns shown in Fig. 184. 

Constituents. Tho principal constituent of all tlio foregoing varieties 
of aloes is tho palo yellow, crystallino glycoside, barbaloin (formerly 
called socaloin, zanaloin, ca^aloin, etc., according to its origin). In 
Cura 9 ao aloes tho barbaloin is accompanied by isobarbaloin, whicli is 
crystallino and isomeric uith barbalc^, but easily distinguished from 
barbaloin by cbcmical tests. Socotrino and Zanzibar aloes contain no 
isobarbaloin, and Capo aloes traces only. 

Tho crystalline aloin is accompanied by an amorphous aloin, 
^-barbaloin, which may bo produced by heating barbaloin for about 
three hours to 160® to 105® ; it is isomeric with barbaloin, and con- 
stitutes part at least of tho watm'-solublc substances other than 
barbaloin nnd isobarbaloin. /^-barbaloin is particularly nbxmdant in 
Cape and Uganda aloes. 
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Other constituents of aloes nte rwin and aloe-emodin, in addition 
to water-soluble substances {other than the aloins) of which nothing 
definite is knorni. The resin of Curasao aloes consists of barba1f'~. 
fiinotamiol combined with cinnamic actd ; tba* 

of Zanzibar and Socotrino at'*'*'- ■' ‘ ' _ ■ 

with paraoumarie acid, I ‘ probably 

mixtures of decomposition -.»MUig partly during tho process 

of hydrolysis. 

Aloe-emodin is a decomposition product of barbaloin and occnta 
in small proportion only. 

Barbaloin, winch w closely related *0 ftangnlm (see p. 79), is sparmglj' 
soluble m water. W'*-'' “ ' ' ol and acetone. It is a gJycosidal 

Itng on bydrolj'sis aloe-emodin- 
1932). RwenthaJer proposed the 
» . . ■« , ...me Legcr lias suggested tho formula 

t ! 5 ' . 

liio proportion in which the alome are present in tho respectiv'e aloes 
is not accurately known. Tddeu {1872) and Treftraann {18S0) obtained 
from 20 to 25 per cent, of aloui from Curasao aloes. Co^r and Reynolds 
(1907) found m a number of speconena from 12 6 to 27'9 per cent. A* no 

exact assay process IS knorni, and os Ihor© appears to !'«' e— ' t 

m its extraction, it may bo assumed th“‘ • , 

upwanU of 30 {«r cent, of crj’stalUsa f 1 

aloes appear to cantam less. Capo . pci eont, 

Ldger estimate<l the barbaloin m <^pe uuuut 5 to 6 por cent, and 

tho ^.barbalom at about U per cent., arul tho total aloins m bvoiy Cumjao 
aloes at about 30 percent., but these figures donot rest upon any substanhol 
basis. Rowaan (1930) found 8 to 12 per cent, of alom in Curasao aloes and 
states that Capo aloos contains about ono-haU that amoimt. ICicfor 
considers tliat tho chief pnrgnti\^> constituents of Capo aloo-s aro three 
rosins, two of whi'ch aro soluble in solution of sodium bicarbonate and one 
in solution of sodium carbonate (m all about GO por cent.) wlicroas the 
alom (5 per cent.) contributes but httlo to tho purgntivo action. It is 
olnious, therefore, tlmt tho chemutiy of aloes is x-cry insuffietently knoxm. 

Ohttn^cal i?metions There o«> chcmtcnl tests for certain of tho con- 
stituents ol aloes and thej' am usoxl for tho idontification of aloes and for 
tho determination of tlw jKirticuInr variety. 

1. Borax TteC. Make a I per cont. solution of aloes m boiling water, 
cool and clear with kiesclguhr. To H> ml. of tlio clear flltrato add 0-25 g. 
borax anil ilissohu by heat ; pour somo of tho dark fluid into water and a 
given fluore«conco is pnxiiiwf (Schouteten’a reaction) All tho four kinds 
of oloes dewibod rcs\»nd to thw te^l. Tho greon fluorwoenco vs said to bo 
(oPtncsl from tho aloc-ontoihnanthmnol libcratcil from batbalom by 
lij'drwlysis with borax (Rc'cnthalur, 1933), 

2. ilrominc Ttst. To sojpo clear solution of aloes, prcpatrsl as above, 
add an i'<inal volume of salurntwl solution of brorame A yellow procipitato 
of tot mbromaloin is fomiwl All tiro four kinds of aloes desenbod resi>ond 
<0 this ti“<t. 

3. Te$t J<rr AiUhmquinone DertmUtra. Carry out tho test as iliroctfsl 
fur rhubarb (wsv p 320) and » |x>sitivo mvctiun h ubtninrst with 
Soeolnne, Curafrti> and Capo nJoes, but not with Znuzshiir alons, though a 
fnmt renciioji is Rometimcs* obtauird. w*p,*cii\ny if a latgor amount of tho 
nloea is vivul. Tins test is a mollification of Banxtrflig<'r's roaction which, as 
originally ibi'igmsl, does not nlwajn pivv a natisfnctojy result. 

4. Ciiprofom t<4t for isobarlwlsjin. Uw 10 ml. of a 0 I jxt cent, aolution 
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of.nloca in disltllcd wntor find add I drop of n C por cent, solution of copper 
acetate, 0-5 ml. of aotumted sodium cWorido solution, and 1 ml. of alcohol 
and ■warm. A deep wino-red colour is formed with Curasao aloes and on 
evanescent pale wmo-red ivitli Capo aloes, (This tost is sometimes known 
as Klungo’s reaction.) Socotriiio and Zaiizihnr aloes give no reaction. 

5. NilHc Acid Tut. To 5 ml. of a 1 per cent, clarified aohition add 
2 ml. of nitric acid (s.g. 1-42). "With capo aloes a vivid green is produced ; 
with Curn 9 ao aloes a flecp broivnish-rctl ; with Socotrino aloes a palo 
bro\vnish-ycllo\v ; with Zanzibar aloes a yclloW)sh*brown. 

If strong nitric acid is added directly to a littlo iwwdorod aloes on a tile. 
Capo aloes acquires a green colour offer on uitotval of about five minutes } 
Curasao aloes gives a crimson colour ; Socotrino and Zanzibar aloes give 
a ycIlowiRh-hrown colour. 

Uses. All the varieties of aloes have a more or less powerful purga- 
tive action. Capo aloes being the strongest, all of them acting with 
remarkable slowiess. Aloes is one of tho most valuable purgatives in 
certain forms of constipation, as it improves tho digestion and docs 
not lose in activity bj* repetition. 

SubsUtutes and Adulterants. Nofat Alots. This variety of aloes, which 
is seldom, if ever, imported, is bcliovcd to bo derived from A. candelabrum 
Borgor, a nntivo of tho country near Pietermaritzburg. None has been 
imported m recent ycatw. 

Natal aloes is almost always opnquo, ant! lias a characteristic dull 
grccmsh'black or dull broivn colour. In odour it closely resembles Capo 
aloes, and it may thoreforo bo easily <U8tingui8hed from all other opnquo 
alooH by this character alono. It yieUls when scraped a palo groyUh-green 
or somotimes palo yoHowish powder, and when this is mixed witli a little 
siilplmno acid and tho vapour of nitric acid bloivn over it, a deep bluo 
coloration is produced ; this character is verj* distinctive. 

Natal aloes contains nataloin, homonataloin, and a resin consisting of 
nataiorosinotannol combinwl with pamcumaric acid. It does not respond 
to tho borox test for aloes. It is only weakly purgatht). 

Mocha Aloca is occasionally imported from Bombay in tindincd cases ; 


KINO. Bast Indian* Malabar* Madras* or Cochin Kino 
Sources. Malabar kino is tho juico obtained from incisions in the 
trunk of PUrocarpus JUaraupium Roxburgh, family Leguminosai, 
evaporated to dryness. The tree grows in southern India and Coylon. 

Collection and Preparation. TIio phloem of {h© treo contains, according 
to V. H6hnel, numerous comparatively wido and short tubular cells 
arranged in axial rows j these cells aro filled with a rod astringent flmd, 
which flows from thorn when thiy aro wounded. Vertical incisions, with 
oblique lateral ones running into tliom, aro accordingly made in the bark ; 
the juice that flows is collected in small cups made of leaves*, or in other 
convenient receptacles, and soon dries in the sun to a dark mass that 
readily breaks up into small angular grains. It is sometimes boiled before 
it is evaporated, an operation that modifies the subsequent behaviour of 
the drug. Kino has been imported as a treacly liquid which can easily be 
dried. 
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Description- Kino occurs in amallj glistening, angular grains that 
appear quite black and are remarkably free from dust * the grains 
are about 3 to 5 nun. in diameter or sometimes as much as 10 mm. 
When thin lamin® or the edges of the grains are examined they are 
seen to bo transparent and of a dark ruby-red colour. They are hard 
and brittle, breaking ■vrith a •ritreoua fracture and yielding a browmsh- 

powder. The drug la odourless, but has, when chewed, an 
astringent taste, and adheres to the teeth, colouring the saliva red. 

In cold water kino is only partially (from 80 to 90 per cent.) soluble ; 
it dissolves to a greater extent in hot water, and is almost entirely 
soluble in alcohol, 90 per cent. Tlie aqueous solution turns green on 
the addition of a ierrerus salt, -violet with an alkali, and throws down a 
precipitate (kinotannic acid) sdien acidified with a mineral acid. 

Constituents. The principal constituent of kino is kinotannic acid, 
of which it is regarded aa containing from 70 to 80 per cent. The 
published assays vary within very wide limits (24 to 96 per cent.), 
but tlm variation is probably due partly to variation in the drug, 
partly to variation in tho process adopted for the assay, and partly 
to the gradual production of oxidation products interme^ate between 
the soluble kinotannic acid and the insoluble kino^red. Hooper (1925) 
found 24'0 per cent, by the cinchonine method and 28*8 per cent, by 
the hide'powdcr method. The change from kinotannic acid to kinO' 
red commences immediately the juice is exposed to the air, as evinced 
by a darkening in colour, and may proceed rapidly in solutions of the 
drug, which may gelatinise o>ving to the formation of insoluble kino- 
red, It is caused by the presence of an oxydase enzyme, and may be 
prevented by destroying the activity of the enzyme by boiling the 
juice or the solution the drug. Hence the boiling of the juice before 
evaporation is a rational procedure. When fused with caustic potash 
kinotannic acid yields phloroglucin and protocatechuie acid , it 
appeara, therefore, to bo allied to quercitannic acid. 

In addition to k^otannic acid and kino-red the drug contains about 
10 to 15 per cent, of moisture, and email quantities of pyrocatechm 
(catechol), gallic acid, and mineral constituents (ash 1-5 per cent.), 

Uses. Kino is a powerful astringent ; it is given internally for 
diarrhoaa and dj-Bcntery and is also used externally. 

Substitutes. Kinos have been obtained from numerous plants belonging 
to various inelAsdmg X-egunnnossu, Myrtacese, Pol 3 ’gonaccje, 

M 5 'nsfcicocero, and Saxifnigncea> Of thoso kinos the following may bo 
briefly mentioned : — 

1 Botany Bay kino from vorioxw epeciea of Eucalyptus (Aintralta), the 
most suitable being E. ealaphyJla R, Brtywn, family M^vtacese, tho tannm 
of vihicb does not gclatimso. Tiio dn»g occvirs in irregular dark rod pieces. 

2. A/ncan lino from PieroearpzLs enttactue Poirot, family Lc^ummosa?, 
in West Africa It contains about CO por cent, of kmotaimic rckI and 
cJo-^clj’ resorablos tho oflios! drag. 

3. JamaKa kino is an extract obtainetl by OTOpomting a decoction of the 
leavo's, wood and bark of Coccoloba vviftm Linn , famiii* Polygonacero. 

REID GtTM. EMcalyptos Kmo« -Quauni Ehicolypti 

Sources. Eucalj'ptus Kino, or aa it is commonly tenued ” red 
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gum,” is a variety of Australian Jcino obtained from Eucalyptus 
rostrata Schlechtendal, and other species {E. tnarginata Smith, E. 
amygdalina Labillardier, etc.), family Jfyrtacece. They are all 
Australian trees, E. rostrata forming large forests on the banks of the 
Murray Biver in Now South Wales and yielding a valuable timber. 

Collection and Preparation. E. rostrata is usually preferred as the 
source of red gum for medicinal use, because the tree is grcgfy'ons, cannot 
easily bo mistaken for others, and yields freely a drug of good quality. 
Tho gum, which is secreted in cavities in the wood, or sometimes between 
the bark and the trunk of tlio tree, forming carbuncles, is obtained by 
making an incision and inserting a trough-shapod piece of tin by which the 
treacly liquid as it drains from tho cut is carried into buckets or tins. In a 
few daj's it dr/os intewa solid mass which soon becomes friable, breaking 
up into very dark fragments ; or it may bo ev'aporatcd by boiling, and much 
of tho drug 18 probably prepared by this method. ITio yield of each free 
is very variable, tho average being about a litre, somo yielding none, others 
as much as 18 litres (Maiden, 1897). 

Description. Red gum occurs in commerce in small irregular pieces, 
about 6 to 10 mm, in diameter. They are dark reddish-brown, opaque, 
hard and brittle, and more or less dusty, but thin laramaj are trans- 
parent and ruby-red, the powder being pale reddish in colour. 'When 
chewed it is somewhat tough, and has on astringent taste, colouring 
the saliva red and adhering to tho teeth. Cold wafer dissolves from 
80 to 00 per cent. According to Brownscombe (1899) good qualities 

(''r • !.* • . ler cent of kinotannio 

; " i" ' • • ituent. Hooper (1925) 

found 10*3 per cent, by the cinchonine method and 20*4 per cent, by 
the hide-powder method. There is also present kino-red, a gelatinisable 
tannin glycoside, catechin, pyrocatechin, and about 15 per cent, of 
moisture, the remainder consisting of substances not at present exactly 
known. According to Smith (1904), eucal>7)tus kinos contain two 
tannins giving with ferric chloride a violet and a green reaction 
respectively ; the former gelatinises readily but the latter does not. 

Uses. Bed gum is not so powerful an astringent as kino, but its 
action is said to be slower and more prolonged. 


BITTBA GUM. Bengal Kino, Butem Gummi 

Sources. Butea gum is tho jutco obtained by incising the stem of 
, / . -j.-, T7...1 u 2/t^uminostB, and subsequently dried. 

]* ■ , . Ily occurs in small, irregular, angular 

fra luH, buff-colourer] portion'* of the cortex 

and cork Of the stem scanetuncs adlicro. 'iVhpn fre'-h it is niby-rod, 
transparent in small fragments, and brittle; but on keeping it becomes 
dull, nearly black, opaque and tough. It is readily reduced to a reddish 
powder and has an astringent taste. It is partially soluble in water aiul 
in alcohol. 

Constituents. The chief constituent is kinotannio acid (15 to 62 per 
cent.) ; the insoluble matter may vai^' from 10 to 4G per cent. 

Uses. Similar to tlioso of Jvi«o, 
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EXTRACTS • 

Under this heading are grouped together drugs prepared by 
evapotaiing aqueous decoctions of parts of certain plants or animals. 

GAlffBIER. Pale Catechu, Terra Japonica, Catechu 
Sources. Gambicr is an extract prepared from the leaves and 
young shoots of Uncaria gambter Roxburgh, family * - s 

plant is a climbing shrub mdigenoir* >-~ ** ’* * • i 

largely cultivated Qp . 

a^ ivell as m Briti *• ‘ --j ui tlio 

Archipelago. The d ' , Lurop© towards the end 

of the eighteenth ce um, was probably used m India at much 
earlier tinioa for chewing mth betel leaf (the leaf of Piper Beth Linn.). 

Description. Gambicr usually occurs m the form of tolerably regular 
cubes, measuring from 2 to 3 cm. each wa}’ ; it is light in weight, and 
of a dull, dark reddiah-browi colour externally, whicli, however, varies 
elightly, even on different sides of the samo piece. T*’'* ‘ 3 

even, with a few minute cavities. ' » 

cubes break casilv • , 

porous and fnabl •• • • ’ •• o.*ter 

and astringent bi 

Gambicr of goc • . entirely soluble in boiling water, 

and yields not less man 80 per cent, to alcohol The residue insoluble 
in water consists mainly of pieces of epidermis, trichomes and other 
regctablo d<*bris of the young leafy tulgs used in its preparation. 
Some samples, however, do not yield any appreciable residue, owing 
apparently to careful etraming of Iho liquor during preparation. 

CulUvatioa and Preparation. Planiattons of UocaMa ^m&ieraro made 
in o!t‘finnc« in the damp. viis;«ri junglo at elevations not above COO ft. 
(ibovo f*ea Spc< 1 is sowj m n miners* and, wliou alwot nine months 

oJd, tliey are planted out nJxiut 3 metres a|virt m tho clearing. A finjt crop 
IS taken when tlw p|ant>» op' one and a half to two years old ni«l are ulxuit 
2 metres high, cnpjiicing Ik’Hir tho usunt manner of trcntmcnl. Tho yield 
is at Its best rtlsnit eight yean* after plarilmg and gowl crojM continiio for 
nlxnit iMonty >enrs Tin* ulnmtt* am cut dnmi with a broaibbhMUyl kmfo 
and an* Ciurnsl to the fnetur}' **• I'lewo mttnu Im-xkcts or on carTjing.^wh-s. 
The jciuiiR leiify }ihiu(s an’ l!in*wn inlu n rniiMron nliout thny'-fniartera 
full of ixnitng water : tho eaiildron lta« «ii iron iKittotn and sides of haixl 
w oofl. It IS nlKKit t 5 ractnst m i{iiun>-ter at the top ntw( is Iwatist by a Jog 
fin.' made U'lienth it ui n IioIIoh m the jtro«n«l. Tho contents are Ixnlesl 
for almut thrcs» houts, Nnng htimsi and bminsl with a fonr-prougwj 
woislen fork. The maic is fuuiUy removM by \i<>oili'n forks having tlinsi 
^ Jnrgi* flit jimiigs ninl is thnnvii o<» to n elotnng trough nlxnit fi metres long 
and pn>J'’CliiiK over the nlge of llie cauldron so tliat the liquor may tlrain 
back Hdo U, the itviik \s Mn*h«sl witli ft UttW Water And is pn-s.^si in tlm 
innigh. Hr* d.-eoefion is <-va{innMe<t for almul one and a half lumrs till it 
tnnis yellow t-h gm-n. thick niid jwsty ; « U tlien tmnsf.-msi to wfxwlen 
tubs bolding 4 l<» 5 p vUoiis isveli Tlvotvdrs an' cr>obsl in a stn-am and the 
conl«-iilK nn* utirnsl wiiJi a |H»Je aliuiit 30 ctn. long anil 4 cm. thick to 
induce crswinlliMitiori. After alxiut t«i minutes tho wnu-cryntalluHsl 
laagmA vs^swsnsl vntn».lvalb>w wr)rMb.n tmj-* to ad.-pth of 2 to 3 rm. nniJ is 
nllowisl to *» t. Wide still nvnst it is cut with .1 w.j'sl.'ti kftib- into culx's. 
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•which nrc aprenO oti ntttAii itnya to ilrj’ In the bvjji. Much gambler is 
pourerl into korosono tinn to eolidtfy and i'? imported m lai^o blocks. 
Ciibo gambior is prcfonwl for plinrmacoutlcal «so. 

A little of the powdered drug mounted in water and examined 
under the microscope oxhibita numerous minute acjcular crystals of 
cntechin. Tlio residue left after extraction with water or with alcohol 
may also bo examined for starch which should be absent. iJThe ash 
should not exceed 5 per cent. "Sv 

Constituents. Gambior contains about 7 to 33 per cent, of catcchin 
and 22 to 50 per cent, catcchutannic acid, these two substances in 
varjing proportions constituting together over CO per cent, of the 
drug. Tlieso figures, however, vary with the care wth which the drug 
has been prepared, and also with the method used for determining the 
tannin. Hooper (1925) found 40 per cent, of tannin by the )jide*powder 
method but only 10 per cent, by tho cinclioniao, the dilTerenco being 
duo to the absorption of catcchin by tho hide-powder in addition to 
tannin. Brown aubstancc.s, rubinic and jajionic acids, of unknown 
chemical nature arc also present. 

Other constituents of tho drug nro catechu-red, quercetin, and 
gambicr-fluorcscin, a fluorescent substance, the presence of which can 
be showm by preparing a filtered olcoholio solution of tho gambler, 
making it strongly alkaline '•* . 

TCtroloum which acquire.^ a I • * . • • . 

^tingutfhes gambior from c • ’ ■ J • 

Uses. Gnmbicr i.s cmploye<l medicinally os a local astringent in 
tho form of a lozenge or as a general astringent in diarrhcca j its mo 
for these purposes is, however, insignificant compared with tho 
quantities consumed in tho dyeing and tanning indmtrics and for other 
technical purposes. 

Adulterants. Gambjer has been adulterated with niine^ligiatter 
(clay, ferric hydroxide, etc.), starch and astringent extracts. 

CCTCH. Catechu, Black Catechu, Catechu nigrum 

Sources. Outch is an extract prepared from tl»o Jicortwood of Acacia 
catechu Willdenow, family Lpgumiuosa?, a tree of inotiium eito common 
in India and Bunnn. It yiekts a \'aluc<l timber, and also an astringent 


and that obtained from Acacia caicetm is to bo reganlod as tnio cafeclm. 
To avoid confusion it ivould bo woH to adhere to the terms “ gambior” 
and ” cutch ” for tho two drugs, thin avoiding the use of tho term 
** catechu,” %vhich has been appli^ to both. 

Cutcli }ms long been used in India as a masticatory, but it was not 
introducer! into Europe till tlio latter half of the seventeenth century. 

Preparation. To obtain the drag tho tree is felled, the bark and 
sapwood (which are used for tanning) stripped from the trunk^^o dark 
red heartwood cut into clups and boiled m water in earthen potsr-^Jilhe 
decoction is then strained and boHod do^m in iron pots witircSntinuaE; 
stirring laitil it attains tho consistency of sjTup. Wlien sufficiently cool 
to handle, the ostraefc is spread upon leaves (of Dipterocarpus tuberculatits 
Roxburgh, Cassia Fistula Linn., etc.), arranger! -within a wooden framo or 
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tBOukl and left for tho night. In tbe ajaijiing’ the clutch ta drj', and foirns 
brick-like masse-? -weighiag about 20 kg., -which ere broken up for the 
market. 

Dttcription. Guteh occurs in noarly black masses, the outer portions 
of which are hard and brittle, but the interior often stili soft ; portions of 
kef are often adherent to tho outer surface. It breaks easily, the fractured 
surface ha-nng a dull gloss, and containing a number of small cavities. It 
yields a dull broxm powder and lias no odour, but an astringent and 
subsequently sweetisli taste. 

Wlien macerated witli cold wrator Jt fonms a brown magma, winch 
exhibits Under tho mjcro-^copo numerous ramutc crystals similar to those 
found in gambier. Boiling water dissolves it almost entirely, but on 
cooling deposits a crystalline sediment. 

Coa^itneuts. Cutoh closely rescmble-i gambier m chemicftl composition. 
It contains as principal constituents catechutanmc acid, about 25 to 
33 per cent., and acacatoclim, about 10 to 13 per cent. Acacatechin 
differs from tho catcebm of gambier in its formula, OuHnO^.SHjO, and 
melting point. The drug contains m addition catechu*red and small 
quantities of quorcctm, but is free from tho duorescent substance that is 
present in gambior. Although tho two drugs, gambier and cutcb, ns 
usually found on the market, havehttloroseroblanco to on© another, this H 
due Bololy to the manner of preparation, the syrupy liquor being m the 
case of gambler allowed to crystallise. Tlus method i« eonwtimes pumieil 
in India with eutch, and th© resulting drug. “ katha,” then closely 
resembles gambier, but can always bo distinguished from it by the absence 
of the fluorescent eubstanco. 

Vs^4 Cutch IS employed chiefly ui the dyeing and tanning znduetrias, 
eapecialiy in tho Utter ; it is much used for tanning fishing note, etc. 

Sabshlates. SumUr ©.xtracte are also prepared from other Bubstancos 
and called “cutch” j thus mangrove cutch is obtained from the bark 
of Ithisophora inangU Lmn , and of Venopa candiAleana Arnold, family 
RhizophoraceiB, which contains 42 |i©r cent, of tanmn. 

CTMRE 

fioctfCes. Under the name of curare BeN'ora! (at least three) varieties of 
a dark, extract-iiko mass have appeared in coeumerce. They or© all ottow 
poisons prepared by tribes of Indians in tho valleys of tho Amaeon and 
Orinoco and their tributaries. Tlio manner in which these extracts are 
prepanjil, and the ingredients, v'cgietablo or animal, that enter into them 
are only imperfectly known. Tho bark of various species of Strychnos 
{S, Castelncci Weihlel , S ioxtfera Bontham ; «S. Gvbfen G PJonchon ; 
S. Crevauxit G. Planchon, ©to ), family Loganiciccie, appear to bo essential 
constjtuonts In tlw bark of these plants considerablo quantities of 
poisonous alkaloids arc present 

Btstriptioa. Ourore has been Irnported in gourds, m small earthen pots, 
and in bamboo tubes, but gourd curare « now no longer a eornmercial 
article. It lisB tho ajipcarance of o vciy’ dark bro-kvfi or nearly black 
extract rcserobling black catechu, often containing small cavities. That 
imported in bamboo w dark brotvn and granular, tho broken fragments 
frequently exhibiting ciystals of quotcito sufEcienliy largo to b© visible 
to tho naked eyo. tt has ht tie or no odour, but a very bitter tasto, 

Alt tlicsQ varieties of curore are po^nou.-) when injected Bubcutaneoualy, 
but when administorcd by tbo mouth they are harmless, producing, it is 
^id, tlvo effect of o stomachie tonic. Tlio degreo of toxicity vanes not only 
in tho different vanotics, but m different specimens of tho same variety, 
and the strength, therefore, of each parcel must bo deternunoti before it 
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o«n be usctl medicumlly. Bamboo cumre yicicis to \'.-ator about 84 to 
88 per ceut., gourd ciiroro 34 to 76 per cont,, pot curaro CO to 87 per cent. 
(Bolitn, 1808). These figures auffico to show the extreme variability of the 
drug. 

Constituents, Gourd curaro contains tU© alkaloids curatine and two 
quaternary bases, calabashcurarino I and calabashcuranne II; curarino 
is amorphous and extremaly toxic ; no strychnin© is present, tli© South 
American species of Strydinos apjicaring to be free from this alkaloid. 
Bamboo curaro contains tubocurarino and curino. Tot curaro contains 
protoctirarmo, prokoeurjne, protocun^ne and ncoprotocuridine. 

Uses. Curare has been employed os a remedy for hydrophobia and 
chorea ; it has also been found useful for tetanus, but it would appear 
desirable to abandon the use of tho cnido drug in favour of that of its 
active alkaloids. 


LlinHUS, I<acmu5. 

Litmus is a colouring matter obtained from various lichens of the sub- 
class Ascohehenes, chiefly Roccella tinctoria cle Candolle (Capo Verde), 
i?. Montagnsi Bel. (Modagaacar), Ocfirotechia h-ueopheea Linn., etc. 

Preparation. Tiio method of preparation is guarded os a trodo secret, 
but It appears to depenil mainly upon tho slow fermentation of the soaked 
and ground liohen m tho presence of anmionium and potassium earbonstca.^ 
A red colour is first iiroduccd which gradually changes to blue. The blue 
liquid 18 drawn off and ovaporotod, witli the addition of chalk and gypsum j 
the mass la then cut into small rectangular cakes and dried. The cakes 
have an edge of about 6 mm.’ ; they aro dork blue to bluish.violot, finely 
granular and friable. Litmus used as an mdicator m acidimetry has a 
pH range of 5 to 8 

Constituents. Tho chief constituents are oiythrolitmin and ozolitmin, 
together with orythrolem and spamoUtmm. Tho lichens therosolves 
contain ieoanonc acid, erjhhnn and orcin ; by tlio action, of alkalies, thc^e 
yield orseUmic acid ; orsollmie acid by further chanrv. - ’ orsin, from 
which, by oxidation «i tho preserK’** •’* inng matters 

are prodneod. 

. ■ m analogous 

me Ach, 


I ■ Lruigiass. Agar 

Sources. Agar is the Wcai’b®'* - ' , - 

concentratinp" « '*-• ' • 

to the class , , k . . irtna 

species of Ge * ....u., i>. amanah Kutz,, G. 

polycladnm S . ' ^ u^uoiacose ; small amounts of other genera 

may be incluaed such as Qractlaria hcAcnoidca Grev. 

Preparation. In Japan tlw seaweeds aro collected m May and in 
October, being temovert from tho ocean floor by rokmg with. long-handled 
rake.s or by diving from small boats. Poles ar© Sometimes drit'en into the 
sea-bed to encourage the growtli of tho alg» upon them ; tho poles are 
removed and the weetls stripped from them. They are then spread upon 
the beach to drj'. Tlie dcieii seaweeds are bonten and shaken to remove 
k-hells, sand, etc., and are taken to foctonea at high altitudes in the interior. 
Hero the need is washed m water, bleached by exposure to the sun and 
then boded in open boilers for flvo or six hours with about fifty tunes its 
©eight of faintly acidulaterl water (about I of sulpbuna acid in 40,000). 



Tha liquor h strained Ojrough cJoth and transferred to wooden troughs 
at»ut 100 ctn. hy 40 cm. ond-€ cin> deopt where it is allowed to cool in the 
open air and tho liquid congeals. Tbo jellj’ is cut into pieces about 
5 X 8 X 40 cfo., using knis'cs guided by ft ruler. Thesp rectangular pieces 
of jelly ore put into wooden cases of slightly larger internal dimensions, 
ono end of which is cowred by wire netting ; tho jelly i'* then forced 
through tlio netting by means at a irooden plunger pushed mto the case. 
The narrow ettips thus formed are spread out on rush mats to tlrj’ and 
bleach in tho frosty air and sunshine. The altemato freezing and thawing 
of tho product helps to remove tho water from the strips, and for this 
reason tho rnanufacluro is conducted in the winter only. 

Description. Japanese agar occuis in greyish -whitCi translucent 
strips alwut 60 cm. by 0'5 to 1-0 cm. and 0-1 mm. thick, occasionally in 
flattened sticks, about 30 cm. long by 2'5 cm. wide and 5 to 7 mm. 
thick and having a slightly yellowish tint. The surface is crinkled 
and somewhat micaceous and various species of diatoms arc found 


Vw, Isa. SiAtoms «\ii Kponp*' »piculr* from a Bpeejiuen of Bgar.agnr. 
X 250. *r}}0 Jarfre d/atom M cme/in Two aponi^! 

aplculw arc »«*n l^mg ono over Iho other on the cxirenw left of tins 
drawinf:, and two other*, w-paraio. on tho right 


embedded in it, the mo«t characteristic being Rpccifx of AracAnm/ftKua, 
which U discoid and has a sculpturing on «9 valvew m the form of 
radiating lines and concentric circles, producing a resemblance to a 
spider’s web. Agar is tough and difficult to break , jl has a slight 
OTour of innrino algmand a fainllysaltynmcilaginous taste It swclh 
in cold water and 0*7o to l-O per cent. l>ojlcd with water forms a 
colloid fluid, which sets to firm jelly on cooling One ilrop of N/10 
solution of iodine adcleil to 10 miU of the decoction (1 in JOO) rapidly 
cooImI proiiuces a pale yrllowisJj roloor, 0 5 aijJ o very ilark colour, bat 
if slowly cooled n brownish colour. 

ConsUtnertls. Agar w com]H)(ied chieflt ef n calcium salt of a 
sulphuric esfer of a carJxihyiirate comph*-V fl{0 SO, Ol,fh tlTien 
liytlrohfcd by_ boiling with dilute hyiltochlorjc acid it yseld^ a limpid 
liquid containing galactose (^•gnl.'tcto.pymno^) and aulphunc acid , 
lhi« reaction mirn«Ji.stely dtstin^fshes «gar from gelatiii and sinular 
substances Apar contains a smatl Imcc of protein'’, nliout I to 2 per 
cent., and thi<« is msufllcient to yiekl any evjdcnte of anunoma when 
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a^r is heated with dry eoda«time, a test which, also distinguishes agar 
from gelatin and albumen. The ash is about 3*5 per cent. 

Uses. Agar-agar is iarge^ used for tbo preparation of bacteriological 
culture media, tbo high molUng-poinfc {08®) of the jolly rendering it 
particularly suitable for this purpose ; the jelly resolidifies at about 40^ 
Agar passes through the intestinal canal almost unchanged, but absorbs 
water during ita paesago and thus promotes peristahis, for which purpose 
it is frequently used. 

Note. A material, wldclr when properly ndjuatwl Sot pH and for 
gelling point can bo used aa a bacteriological medium, is now (1^45) being 
prepared in Britain from specie of Cfigartfna and other indigenous rhodo- 
phyce®. This is being marketed (1045) under the name of “British 
Agar.” Agar from New Zeoland is made chiefly from Pterocladia hicida, 
that from Australia from Oractlaria conffrvoidejs and that from TJ.S.A. from 
Qelidium rartiiagin^in. 

GELATIN, delaimum 

Sources, Gelatin is a protein derivative, often classed as a sclero- 
protein or albuminoid, obtained by evaporating on aqueous extract 
made from ekina, tendons, and bones derived from various dom^tic 
animals, such as tho ox Bos taurus Linn., the sheep Oeis aries Una., 
etc., family Bovid®, all belonging to the order Ungulata of tho class 
Hahimalla. 

l*reparfitioQ. The dotads of tho monufocturo of gelatin v'&ry in diflorent 
footoriea } the following is a generalised outline of the proeesq. Raw 
material consisting of akin and tendon is first subjected to n preliminaiy’ 
treatment, known as “ liming,” tlio material being steeped for fifteen to 
fcirenty or even forty d^ys m ft dilute milk of Umo. TJtis process dissolves 
tho fleshy matter, removes chondroproteins of tho connective tissues and 
■saponifies fat. The hides, etc , are then thorou^ly washed in running 
rmter. 

Bones are usually ground and defatted by treatment with bonueno or 
some other org^io solvent in closed iron cylinders ; after defatting, tlio 
mineral matter ia sometuncs removed by treafroont with hj'drochloric acid. 

Tho treoted material from tho skins, tendons or bones is now heated 
with water in open pans with perforated false bottoms or Bometunea under 
pressure. The clear fluid is run off and is evaporated iindor red»c«l 
prossura until the gelatin content is about 45 per cent. It is then run into 
shallow metal troys or traj-B with glass bottoms and allowed to set to a 
jelly. The jelly is romo\'cd and placed in Iraya with a wire netting bottom ; 
these trays are passed through ft series of drying rooms at temperatures, 
increasing by about 10® C. each tune, from 30® C. to 60® C. ; this dpnng 
process takes about a month. Sometimes bleaching by sulphur dioxide is 
used to produce a. light-coloured product. 

The bones and other matonals contain the eoUegen protein nanied 
oasein, which ia converted, by tbo addition of water during the boding, 
into gelatin. 

Descriptioa. Gelatin occurs in thin sheets, or in shne^, or powder 
which may be nearly colourless or pale yellow and almost free from 
odour and taste. It is hard and brittle ; when broken it at firefc bends 
and then breaks suddenly with a short fracture. In cold water it 
*awell8 ami when heated dissolves ; it is soluble also in acetic acid and 
glycerin, but not in alcohol, ether, etc. A 2 per cent, hot aqueous 
solution should gelatinise on coeding, but this property is destroyed 
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by tbs prolonged action of beat. BoUiag with diluted hydroohlorio 
acid converts it into the hydrochloride of glutin-peptone. 

CoDSUtnents. Gelatin coiwUts chieSy of the protein glutin and, 
when it ia heated with soda-limo, ammonia ia evolved, showingr the 
presence of nitrogen of which it contains about J8 per cent. Gelatin 
responds to the usual tests for proteins *, its solution in water gives a 
white precipitate with tannic acid and a yellow precipitate with 
trinitrophenol (picric acid) ; with MiUott's reagent it gives a white 
precipitate which becomes brick-red on boiling. 

Gelatin should bo free from chondWn, whicli is formed from the 
chondrinogen of connective tissues ; the absence of ebotidrtn is shown 
by the solubility of gelatin ui acetic acid and by its failure to produce 
a precipitate with lead acetate, alum, ferric chloride and copper 
sulphate, all of which precipitato ohondtin. I^e absence of sulphur 
fconi gelatin is shown by adding lead acetate and then caustic potaah 
and hoilir^ when no blackening results, a teat which distmguwhes 
gelatin from albumen. 

When treated, with potassium diehromato and exposed to the light, 

E latin is rendered inaolublo. Ponnic aldehyde (formsJift) forms an 
soluble condensation product with gelatin. 

It yields from 0-G to 3 per cent, of ash ; it contains about 12 to 17 per 
cent, of moisture. 

Uses. Apart from its various technical uses, gelatin has been 
employed as & nutrient and as a styptic, but its value for these 
puTp<^e8 has been over-rat^. It is also used as a basis for glycerin 
Boppoaitorics, for the preparation of pastilles and for the preparation 
of nutrient media for the growth, of bacteria, eome of which cause 
liquefaction o! the taedium. 

Kote. l$ingJas$ (IchthyocoUa) is the dried prepared swimming bladder 
of the sturgeon, Aetpenser huso Linn. (Oitier Sturiemts), and other species of 
^cipwwer living in the Black Son and Caspian Sea and the rivers which 
flow into them. The bladders are cut open, washed, soaked in water, 
spread^ out on a board and deprived of the outer, silvery membrane, 
l^ed in sheets they form leaf winglaas, or several folded together, book 
isinglass, or rolled and folded, staple ismgla<sa. It is prepared for use by 
cutting it into thin slireds This variety is known as JiusSiaH JsinffUiss. 

lamglass is whitish or palo yelliw, semi-transparent, tasteless, but with a 
moro or Jess perceptible odour. In cold water it softens find swells ; with 
boiling water it fonna a solution which (I m 50) golatinises on cooling. It 
consists chiefly of collagen, about 80 per cent., together with water, about 
16 to 20 per cent. 

Isingla>a can be distinguished fTOtn gelatin by sookuig it in coW water 
and exanumng the eoftened material microscopically. Fibrous structures 
aro then, evident in the isinglass, whoreaa gelatin, Bumlarly treated, is 

Btructuroless. 

Brazilian iringlaas is made from the owimming bladders of species of 
■Silurufi and Pimtlodiu ; it is usually yellowish or brownish in colour and 
18 regarded as en inferior variety* chiefly for technical purposes. 



CHAPTER XV 

GUMS AND SACCHARINE SUBSTANCES 

Gums are amorphous, translucent solids, insoluble in alcohol and in 
most organic solvents ; they are, however, soluble in water to yield 
viscous, adhesive solutions, or are sw'ollen by the absorption of water 
into a jelly-like mass. They consist of calcium, potassium and 
magnesium salts of aldobionic acids and can be hydrolysed by pro- 
longed boiling with acids when they yield mirtnres of sugars and 
complex organic acids. Tho sugars so formed are monosaccharides, 
usually pentoses such as arabinosc, xylose and tragacanthose or 
hexoses such as galactose. Tho acids liberated by hydrolysis are 
uronic acids, i.c., acids derived from monosaccharides by the oxidation 
of the primary alcoholic group which they contain, two of the simplest 
uronic acids being glucuroni '1 • ’ ’ ' ‘1 

the uronic floid is combined b • . ' • 

an aldobionic acid, formerly . ; _ • 

of acid also found in pectins and hemicelluloses. In tho gums these 
aldobionic acids occur as salts of calcium, potassium and magnesium. 

Gums are yielded by trees and shrubs belonging to a number of 
families, but especially Leguminosw, Rosace®, Rutaco®, Anacardiace®, 
Combretace®, and Sterculiacc®. They are produced by the conversion 
of tho cell•^^'all3 of the tissues into { ' • • ‘ ' • ’ ’ ’ . 

means of an enzyme of tho origin of ' • • 

Chims are abnormal products, result 
brought about either by injury or . ^ ’ 

growth and are usually formed by changes in existing cell-walls. 

Mucilages are similar in constitution to gums, but are normal 
products of cell activity, being secreted in the cell and laid down like 
hemicelluloses, often in such quantity as to completely fill the cells. 
In the epidermal cells of Imsecd and of ispaghuJa as also in the cells of 
the roc * ' ' • ' ’ * • ‘ . "ns are present and are used up 

during he mucilage. 

The ’ produced from starch differs 

essentially from the gums in being entirely converted into dextrose 
by dilute mineral acids ; it is strongly dextrorotatory, natural gums 
being slightly l®vorotatory. 

ACACIA GUM. Gum Arabic, Acacise Gmnmi 
Sources. Acacia gum is a dried exudation from the stem and 
branches of various species of Acacia, family Leguminos®, especially 
of A. Senegal Willdenow {=A. verek Guill. et Perr), a small tree 
attaining a height of 5 or Q metres, and growing freely both in Western 
Africa (Senegambia) and in Eastern Africa (the upper Nile districts), 
possibly also m Central Africa, forming forests of considerable extent. 
Normally gummosis occurs in tho ceratenchyma and phloem paren- 
chyma , it may also be induced by wounding the stem when gummosis 
appears to take place in the cambium or the young phloem tissue? 
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Bacteria, laoulds and other organfema i»ay gain admittance to the 
gam-Jorming tissues through the trounds, but whether these take an 
'initial part in the formation of the gum is more than doubtful, 

CoUectiott and Preparation, The best gum is produced neat Kordofan 
from trees specially cu!tivat<5d and worked for gum. Tlie trees are kept 
properly pn.med from dead wood and the lotiesfe branches aro removed ; 
shrubby undergrowth is cleared away to ollow gnsy approach to the trees 
and to freely admit air and light. Tlie formation of gum js greatly 
increased by wounding tho stems and it then apparently takes place first 
in the young phloem and cambium. Towards the end of November and 
again in February and Slarcli the tapper vMits trees about sa or seven 
yeats old, and drives a long-handled axe with a small blade just under the 
bark of the stem and largo branches without injuring tho cambium. By 
twisting the ftxo and pulling it back Jio leai-es two ends. One of these 
ho pulU up and the other down, and so removes & strip of bark 0'5 to 
J‘0 metre long. About three to six weeks afterwards the gum which 
forms ui tears near the lower end of the woimd is collected end tho orchard 
jji picked over eveiy four to six daj’s until ram sets in, when the exudation 
of gum ceases. Tlio gum thus collected is brougJjt by the Arabs to one of 
tho gum markets } nil of those m the Kordofan province aro under govern- 
ment supervision, and the gum is sold under such eupennston After sale 
it JS taken to tJio merchants’ shed-s transfenrtd to double sack?, conveyed 
to El Obeid and railed thcnco to Port Sudan. Gum is also spontaneously 
exuded from wild frees, but this is usually retlier darker m colour and not 
fco valuable. 

The gum, when collected, is in translucent tears wluch, ” njjencd " by 
osmosure to the sun, develop cracks «n<l become friable. Natiivo girls clean 
it by picking out pieces of bark and eiCting out tho smicl. Such nponmg 
W fafeacliing aa ia now done ta done at El Obcul, 

In fiome districts another Atacia yielding Mualler quantities of gum 
{d Seyal Eehle) occurs. The gum. which is called talk or talka gum, is 
collected by the natiiTa with tliat of A. tmtgal (Itachnb gum) Aa talka 
gum is of infenor quality Jt has to bo separated by picking- 

Description,. Kordofan (hachab) gum, which w the best variety, 
occurs in rounded or oroid tears, about 0 5 to 4 or sometitaea as much 
as 6 cm. in diameter. They are often qurfo white, but fionictrraes sborr 
a yellowUh tinge, and are opaque from the presence m the outer part 
of the tears of numerous small fissures. In consequence of these and 
the brittle nature of tho gum, they easily break up into a number of 
small, transparent, angular feugments with giistciung, vitreous 
surfaces. Tho drug ia practically inodorous,' and has a bland, muci- 
Jaginous ta«to, IVhilo the finest- qualities are white, or have at moat 
only a jeBomsh tinge, inferior grades have a decided yellow or reddish 
or browrash-red colour and then contain traces of tannin. Gum is also 
exported without undergoing the process of nponing ; such gum is 
often in large tears and has far fewer cracks m it. 

Acacia gum is insoluble in alcohd, but dissolves freely iu water, 
iOTtning a Iranaliicent, nscid, but not glairy or ropy liquid, that feebly 
redde^ litmus paper. A 10 per cent, aqueous solution of good 
qualities is elightl)' hEVorotatory, and when ^iled with an equal 
volume of Fchlmg’s solution throws down a aliglit but distinct deposit 
of cuprous oxide. Solution of lead aceteto produces no precipitate, but 
fiubacetate produces a copiotw -white one, while a saturated solution 
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of borftx forms with a strong solution of giini a clear, translucent jelly. 
Inferior (bro^m) gum usnafly contains tannin wiiich may bo dotcctoci 
by solution of forrio chloride. 

Powdered gum acacia when mounted in alcohol has tho ai)pearanco of 
hmall angular transparent fragments; on tho oddition of water, by 
irrigation, tho partidea gradually bocomo rounded and diminisli in siio 
until they finally disappear. When mounted in solution of ruthenium red 
tho jwrticics of powtlor remain colourless. 


Constituents. Acncaa gum consists almost entirely of a glycosidal 
Rcid of high molecular weight, which has been termed arabio acid, 
combined uith potassium, magnesium, and calcium ; by hydrolysis 
each molecule j’iclds two molecules of arabinosc and four of galactoso 
together with an organic acid termed isogcddic acid, which is isomenc 
\vith gcddic acid. oMained from geddah gum. Tho glycosidal acid of 
acacia is, therefore, diambinnn-lctmgalacfandsogeddio acid, tho 
termination “ an ” indicating tho anhj'drido of tho corresponding 
sugar. Tins acid can be obtained from tho gum by acidifying an 
aqueous solution ^vith a mineral acid, dialysing it until tho mineral 
constituents aro removed, and fractionally precipitating with alcohol. 
Wliilat moist it dissolves in \ratcr but tho dried acid only swells in 
water, dissolving on tho addition of an alkali. 

Gum acacia also contains an oxydase enzyme, ami hcnco readily 
turns powdered guatacum resin, or tho tincture diluted with water, 
blue. It loses about 14 per cent, of moisture when dried at 100* and 
yields from 2'7 to 4-0 per cent, of ash. It contains further a small 
percentage of nitrogen, but this docs not enter into tho composition 
of the gum itself (distinction from gelatin, etc.) ; it is probably duo to 
tho enzyme, from which the gum cannot ho entirely freed. 

Variety, Senegal guiit is cx]v>rtt>d m largo quantities from the Senegal 
nvor to Uordcoux. It is deriviMl from A. tencgal, but may Iks dMinRoishetl 
from Kortlofan gvim by being (usually) Rlightly more colourwl, less fissured 
and by containing Veinuform tears. 

Uses. Acacia gum is used mcdicmally as a demulcent and as a 
means of suspending oils, resin, etc., in aqueous fluids. 


Substitutes and Adolterants. iSWuwnr gum, Gedare/ gum, GAe:(re^guin, 
Talka gum, Somali gum, /tcferi gum, etc., are vanoties of Kast /Vfrican gums 
and are considoreil inferior to Kortlofan gum ; tlio latter gives a lajvo* 
rotatory solution, whereas many of tho other East African gums give a 
dextrorotatory solution. 

Mogadore gum (A. gummijera ■\ViHdoiiow) ; is mostly dark m colour 
and but little fissured ; occasional whito (Usutod tears are probably 
Sudan gums. 

Indian {Acacia) gwns includo Amrad gum (A. am&icw), iVmntsar gum 
(A. modwia), etc. Tho flora of tho deserts of Smd resembles that of tho 
African deserts. Tiro gums are often in largo tears varjing m colour from 
yellow to dark brown, and are used for calico prmting, etc. {For ghntti 
gum-eeo below.) 

Capo gum (A. Aorridh Willdonow) and Australian gum {A. dealbaUt 
Link ; A. pycnaniha Bentham) find.ai^i«itioa m wirious industries. 

Many of those gums form glftuy, ropy solutions with water, and when 
dihitcrl throrr down gelatinous deposits of gum that lias swelled but not 
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dissolved. An acacia gum auitnblo for pharmaceutical u«io should b© freo 
from both these charactora, and should further give no reaction for starch 


sugars, etc.). 

GHA'm GUM. Gnmml Indictim 

Sources. Ghatti gum is obtained from Anogeiasxis latijolia Wallicli, 

1 ■ ■ , . • the bofit 

• . vn. Tho 

•. acturo is 

^ , ' ccipitato 

with solution of load subacetate (that of acacia gum gives a copious 
one). With water it forms a nearly colourless mucilage of much greater 
viscosity than that made with tho same proportion of acacia ; tho mucilage 
is glairy and ropy. 

Constitueuts. The constituents of ghatti gum are, as far as is known, 
similar to those of acacia. Ghatti gum also contains an oxydaso. 

Uses. Ghatti gum is well adaptc<l for pharmaceutical uso , it has 
excellent emulsifying proi'crtie.s. 

T&AGACANTH GUM, Tragacantha 

Sources. Tragacanth ^um is a dried, gummy exudation from 
the stem of Aatragalua gummifer Labillaidiere, family Legummosfo, 
and other species of Astragalua. 

Collection. The plants aro small, branching, thorny shrubs, about a 
metre in height, and are natives of southern and eastern Europe and 
especially of Asiatic Turkey and Persia, where they form one of the most 
characteristic forms of vegetation. ^Vhen the stem is incised a gum 
exudes and dries, the form that it assumes being dependent on the form 
of the incision, vertical slits yielding flat, ribbon -shaped pieces and 
punctures vermiform tears. It is prwluced by tho transformation of tho 
Cell-walls of the pith and meilullary rays into gum, which easily absorbs 


expose the roots, make incisions and return after n week to collect the 
gum. Tho first tapping gives a wliite, tho second and following, yellow gum. 
In some districts accidental wounds by grazing cattle appear to suflice 


Europe. Tho former variety is known as Smyrna, the latter, which alone 
is official, as Persian. 

Description. Persian tragaeanA occurs in thin, flattened, curved, 
ribhon-shaped flakes of a translucent, homy appearance and nearly 
colourless or faintly yellowish. Tho flakes are often 3 cm. long, 1 cm. 
wide, and about 2 mm. thick, and are marked with numerous con- 
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of borax forms with a strong solution of gum a clear, translucent jelly. 
Inferior (brotvn) gum usuaUj' ctmtaina tannin which may be doteciecl 
by solution of ferric chloride. 

Powdered gum acacia wiion mounted in alcohol ims the appearance of 
small angular transparent fragments; on the addition of -n-ator, by 
irrigatiojj, tho jiarljclca gradually become rounded anti diminish in size 
until they finally ciisappoor. When mountofl in solution of ruthenium ml 
tho x>articlo8 of powder remain colourless. 

Conatituenta. Acacia gum coasists almost entirely of a glycosidal 
acid of high molecular Avcight, which has been termed arabio acid, 
combined with potaagium, magnesium, and calcium ; by hydrolysis 
each molecule yields two molecules of nrabmoso and four of galactose 
together with an organic acid termed isogcddic acid, which is isomeric 
with gcddic acid, obtained from geddah gum. Tho glycosidal acid of 
acacia is, therefore, diarabinaiidctra^^lactan-isogeddic acid, tho 
termination “ an ” indicating tho anhydride of tho corresponding 
sugar. This acid can be obtained from tho gum by acidifying an 
aqueous solution with a mineral acid, diah'sing it until tho mineral 
constituents nro removed, and fractionally precipitating with alcohol. 
Whilst moist it dissolves in water but the dried acid only swells in 
water, dissolving on tho addition of an alkali. 

Gum acacia also contains an oxyrlasc cnzjTnc, and fienco readily 
turns powdered guaiocum resin, or tho tincture diluted \rith water, 
blue, it loses about 14 per cent, of moisture when dried at 100“ and 
yields from 2-7 to 4-0 per cent, of ash. It contams further a small 
peroentage of nitrogen, but this dues not enter into tho composition 
of tho gum itself (distinction from gelatin, etc.) ; it is probably' duo to 
tho enzyme, from which tho gum cannot bo entirely freed. 

Variety. Senegal gum w exi>orte<l «u largo quantities from tho Senegal 
nvor to Bordeaux. It is tlerivcfl from A. genegcil, but may bo tUstmRui‘slie<l 
from Kojtlofan jpjm by bomg (usually) slightly more coloured, lefM flssurwl 
anti by containing vermiform tcata. 

Uses. Acacia gum is used medicinally os a demulcent and as a 
means of suspending oils, resin, otc , in aqueous fluids. 

Substitutes and Adaltcrants. ijcnuoor gum, OedartJ gum, Qhezirchgum, 
Talka gum, Somali gum, Aden gum, etc., aro varieties of Bast African guins 
and aro consitiered inferior to Konlofan gum ; tho latter gives a Itevo. 
rotatory solution, whereas many of the otlver Ea-it African gums givo a 
doxtrorotfltoiy solution. 

Mogadorc gum {A. gumtnifera Willdonow) ; is mostly dark in colour 
ami but little fiasurod ; occasional whito fwaurod team ary probably 
Sudan gums. 

Jndtan {Atxteia) gums include Amrad gum {^. arabica), Amritsar giun 
{A. Tnodesta), etc. TKo flora of tlto dosorts of Sind resembles that of the 
African deserts. Tho gums oro often in largo tears varying in colour from 
yellow to dark brown , and ore used for calico printing, etc. (For ghatti 
gtini -see below.) 

Capo gum (A. horrida Willdenow) and Australian gum (A. aealbata 
Link ; A. pyenantha Bentham) find Jipplicotlon m various industries. 

Many of these gums form glairy, ropy eolotion^ witJi water, and when 
diluted tlirow down gelatinous deposits of gum tliat has swelled but not 
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bean, a tree which grows freely in Cyprus and Egypt and other Mediter- 
ranean countries. 

Preparation. The seeds are flattened ovoid, smooth, dark red-brown 
f ’ ‘ ' sglifc known as a “ carat," 

10 inm. long, 0 to 7 mm. 
, point in the centre of the 

narrower end and lies between the micropyle ahd the strophiole, from 


’ ' ' f special machinery, each seed 

1 ■ , . ■ al concavo-convex or piano- 

‘'5 j nun. thick, 
• and very difficult 
d has a somewhat 
, ^ -ficially resembling 

powdered gum tiagacanth. Tlio powder is insoluble in alcohol, but swells 
with water to form a viscous mass, which gives no blue coloration with 
iodine {distinction from Iragacanth) an<l no coloration with solution of 
ruthenium red (distinction from eterculia gum). 

PoxL'dtrtd earoh gum mounted in alcohol appears as small angular 
particles which swell rapidly when water is added. If mounted in iodine 
water, the granular coll contents stain deep yellow, showing the presence 
of protein, the cell-walls remain colotitless. AMicn mounted in solution of 
chloral hydrate, the swollen cell-walls are evident. * 

Constituents. Carob gum contains monnan, about 58 per cent., 
galactan, about 29 per cent., pentosans, about 3 i>er cent., proteins, about 
6 per cent., cellulose, about 4 per cent., and yields about 0-8 per cent, of 
asfi s an oxydaso is present and also on enzyme named ceratoniase.^ Starch 
and calcium oxalate are absent. 

By boiling 1 per cent, of tho powder with water, a viscous slightly 
opolescent mucilage is formed, which gives no blue colour with solution of 
iodine. \Vlien the mucilage is boiled with 5 per cent, aqueous caustic 
potash, It becomes clear, but does not develop o yellow colour (distinction 
from agar and trngacanth) or o bro'vn colour (distinction from sterculia 
gum). 

Uses. Carob gum is u.sed in many prcjiarations in tho same way as 
tragacanth. It also finds a wid© nso m tho food industry for thickening 
purposes in tho place of starch, also for tho {lartial replacement of eggs in 
salad creams, etc. 


SACCHARINE SUBSTANCES 

BIANNA. filanna 

Soot^. Slanna is strictly a gonoric term applied to tho eaccliarmo 
exudations from a number of different plants belonging to various natural 
orders, but, when not otherwise specified, is understood to mean tho 
Mocharino exudation from the stem of tho manna ash, Fraxinxta omtw 
Linn., family Olcacc®, a small tree wi«lely dLstributeil over eoutliem 
Liiropo and ciiltivntdl especially in Sicily for tho proiluctioii of manna. 

Collection. Tlio ti ■ . . - - . - . . 

aro about ten years c 
day i\ transverso or i 
of tho stem ; tho f ' 

incisions nt inter\-al-, , i„ *, mu uouiu luo uiu- ku mm nnaiiy 

tliero is a regular scries of such uicisiona down the whole of one sido of tho 
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8tom. Tho exudation fiowR down the stem and dries or sometimes forms 
stalactitio masses, but in rainy woatlior it drojra from tho trunk and is 
caught upon cactus cladotios, or upon tiles, placotl beneath it, yielding an 
inferior quality. In tho foUotving year the tree is cut upon tho opposite 
side, nntl m tho succeeding year again on tho first eidc. The stem is then 
exlmusted, tho treo is cu^ < 10 %^, and from tho stool two or more shoots are 
allowed to grow, which in ten years ore ready for 
topping. As much os COO gin. of manna may 
bo obtained in a good season from a single 
stem. 

Description. Tho finest qualities of manna, 
known in coramcrco as ‘‘/lake manna,” are in 
pieces about 10 or 15 cm. long and 2 or 3 era. 
wide, which arc more or less conspicuously 
tliree-sided, ono of .tho sides {that which has 
been next to tho stem) being concave and smooth. 
It is ycHowish.whito in colour and very brittle, 
oven friable, exhibiting when broken an indis- 
tinctly ciystallinc structuro anti concentric 
Inycnng. It has a slight ngrceablo odour and a 
sweet tasto and Is soluble in water. Inferior 
qualities of manna are of a darker, brownish- 
yellow colour, ami coinj>osed of broken flakes 
agglutinoietl into a more or Jess stickj*, gummy 
mass. 

Constihieais. ilorma consists principally of 
mannitol, 0«H|{OH)(, formerly known as 
mannite, of winch it may contain from 40 to 00 
per cent. Mannitol is a crj'stalline hexahydrio 
alcohol, m.p. 100*. and is widely diffused 
throughout tho vegetable kingdom. It is 
aasociatetl in manna with two sugars, viz. 
mannotrloso (0 to 1C per cent.) and mannotetroso 
(12 to J6 per cent.). Each molecule of manno- 
trioso yields by hj-drob'sia two molecules of 
Fio. 187 Portion of galactose and ono of dextroso ; each molecule of 
tho stem of a Manna jnannoletrosoyicldstwoof galactosocndoneeacb 
tree, showing tho dexiroso and JanniJoso. Dextrose, mapdage, 
incisions and ad* inorganic substances, a jnuiuto quantity of a 
^rmg roanna. Ro- fluorescent substance, fraxin, and about 10 per 
•duceu, (Vogt; cent, of moisture also occur in manna. 

Uses. Manna is used medicinally os a gentle laxative. 

HONEY. Mel 

Sources. Honey is a saccharine fluid made by tho hive*bee, Apis 
melUJica Linn., order Hymenoptera, family Apid®, from the nect^ of 
flowers. In some instances bees collect i^o other sweet plant juices, 
such as the honey-dew formed by tho agency of aphids from the leaves 
of trees such as pine, lime and sycamore. 

Honey is produced in Britain, hut tho chief sources of supply aro 
California, Jamaica aad Chili. 

Pxepawtion and Collection. The nectar of flowers ia chiefly an aqueous • 
solution of sucrose. This sweet fluid is sucked by the hive-bee through fla 
proboscis, which is a tubular structure fonned by the closely oppressed 
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modified mouth-partR, chiefly the maxillie, labial palps and the glossa (of 
the labium) which terminates in a qxHm-shaped lobe, termed the labollum. 
The nectar passes through the oesophagus, which traverses tho thorax of 
the bee and leads to a largo honoy-sao or honoy-etomach which lies in tho 
bee’s abdomen. This is separated from the chylo-stomach, in which 
digestion commences, by the stomach mouth, a valvo which controls tho 
passage of fluid from the honey-soc, so that tho nmoxmt required for tho 
nourishment of the bee is pass^ on, while tho remainder is retained in tho 
honey-sac. The saliva which is mixed with the nectar during its passage 
to tlie cesophagus adds the enzjnme mvertase, which begins to change the 



Fio. 188. Apia vitUifica, bead of a worker boo. proboacia, showing 
tho constituent parts soparatod. a, antenna ; t, compound ej'o ; g, gloesa 
or tongue; l.p., labial palp ; m, mandible; mx, maxilla; mx p , maxillary 
palp ; 0 , ocellus or single oyo ; a, apoon shaped tip All X 8. 

sucrow into a mixtura of levuloso and doxteose. Tho bco, on returning to 
tho hive, regurgitates the fluid from tho honey-sac and deposits it m ono 
of tho Cells of the comb, where, during tho succeetling interval of about 
th^ daja at the tcmi>ornturo of tho litvo, it is converted into honey, 
miilo thU change, termed “npening,” is proceeding the siicroso is 
converted into levuloso and doxtroso oml ft proportion of tho water is 
o\-aporafed. Tho nectar contains about 75 jior cent, of water and 25 i>er 
cent, of sucrose and tho honey contams about 20 x>cr cent, of moisturo and 
cent, of invert sugar. ^Vhen tho cell is full, tho bees cap it with wax. 
\ honty tho capping h romo^'od by tho use of a sharp knife 

wliicli has been warmed in hot water. Tlio combs aro tlien put into a 
centrifugo and tho honey removed- Jlonoy is sometimes removed by 
pressure, but that necessarily destroys tho comb anti may lend to the 
presence of a small amount of wax in the honey. 
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liesCdpUon. Honey is a rfecid, translucent, nearly white to pale- 
yellowish or yello’wish-bro'sm fluid. It becomes partially ciystalliue 
and semivsolid on hooping, owing to the separation of dextrose as 
crystals. It has an agreeable characteristic odour and a sweet tastOj 
the odour and taste depending upon the nature <{f the flowers from 
w'hich the nectar was coJJect^. The specific rotatjwj of honey is 
from 4- 3” to — 10®. 

Honey obtained from heather and clover is considered to have the 
finest flavour, while that from species of Eucalyptus fa the least 
agreeable. 

Constituents. Honey consista chie% of about 70 to 80 per cent, of a 
mixture of dextrose and lovjilose in about equal parts, the residue is 
chiefly nvtter about 14 to 20 per cent. There are also small amounts of 
sneioso, about I-l to 4*4 per cent., and dextrin, about 0 06 to 1*24 
pet cent. Largo amounts of dextrM, from 9 to 12 per cent,, indicate 
that the bees have collected honey-dow. Quito smaU amounts of 
volatile oil, wax and pollen grains aro usually present. The ash varies 
from 0*1 to 0-8 per cent. 

A stud}’ of the pollen grains occurring in honey gives valuable 
cvidenco of the vegetable origin of th© lioney and frequently also 
indicates the geo^&phical source. 

Uses. Honey fa largely used as a demulcent and sweetening agent 
ns well as for its nutritive properties. 

Substitutes and Adulterants. Tho most common adulterants are invert 
sugar, sucrose and commeroml glucose, ah of which after the rotation 
of the honey. The presence of enjemm sulphate, whj<4i may bo tested for 
in tile visual way cither tn the honey or in tJ»o ash, indicate^ commercial 
glucose. Pure honey shoulti show at most a shght tvirbfdity when mixed 
with three or four volumes of alcohol indicating the absence of dextrin, 
which is a frequent cotistituont of commercial glucose and of honey made 
from honey-dew. 

H3’drQchloric and sulphuric acids are commonly, u'jctl for tlie manu- 
fnctvuo o! commercial glucoBo and in'vrt sugar and there should not bo 
more than verj' «naJf tmeos present in honey. The presence of inveri; 
gvigftr maj’ also bo detected b>' applj-mg to tho ether extract of the honey 
the test for derivativ’cs of fvipfuroldehj’tto, tho reagent used being a 1 per 
cent, solution of resorcinol in l^'droohlorjo floid fs.g. I’lC). This reagent 
gives a x>er8istent deop cboiry-rod colour with the traces of furfuroldehj'do 
compounds occurring in the artificial invert Biigar. 


CHAPTER XVI 

RESINS, GTJM-RESINS. OlEO-RESINS 

Resins cannot be abarply defined. They form a heterogeneous 
group, -which shoNvs certain weU-tcco^wed general characteristics 
which maybe arranged under three headings : (o) Physical characters, 
(6) behaviour toward solvents, (f) chemical composition and behaviour 
towards reagents. 

Phi/3ical Characltrs. All resins ate heavier than -water they are 
usually BiQOTpbous, hard and brittle aoUda , some are slightly Bo{t 
semi-BOlidU. By the action of heat they all soften and fuse, yielding 
clear, adhesive fluids. They bum with a smoky flame. 

Behaviour iouard^ S^vents. Resins are insoluble in water and are 
rarely soluble in light petroleum, in which, colophony and dammar are 
soluble. They are generally more or less soluble in alcohol, ether, 
acetone, chloroform, carbon disulphide, solution of chloral hydrate, 
fixed and volatUe oils. 

Chemical Composition. Resina are complex mixtures of different 
chemical types of substances ; these include acids, esters, glycosidio 
bodies and indifferent substances classed as resenes. The element 
nitrogen does not enter into the composition of any resin constituent. 
Slany resins, when boiled -with alkalies, yield soaps, which are termed 
tesm soaps Most resins undergo slow change by keeping , they 
CTaduaUy darken in colour and become less soluble, changes which arc 
due to a slow progressive oxidation. 

■iVhen a certain type of constituent predominates in teams, they are 
grouped under the heading ol that type ot constituent , as , for example, 
‘‘acid resins" and "ester resins.” Those resins which have no 
constituent markedly predominant are grouped under the term 
“ mixed resins,” 

Classification o! Resins 

' Acid Resim. Predominating constituents are resin acids. Colo- 
phony, Burgundy Pitch, Sandarac, Guaiacum. 

Ester ResiTJS. Predominating constituents ate esters. Benzoin, 
Dragon’s Blood 

Mixed Composition. No specially predominant constituent. Mastic, 
Shellac 

Formation ot Resins. Natural resins ate coromonly produCMi by cells 
■which secrete a fluul compoBed of Rubstanecs, one of which is the resm 
The resm is held in solution by teipenes, volatile oils or esters wluch ore 
Rccretcd in association -with it. Theso aecteting cells may be external and 
take the form of tnehomes of which an account is gjvcui cm p. 90 ; a gotA 
example is Indian hemp m which the wicretitju va ntnduf^'d by the 
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or ovoid ftud multicolUilar, when they form inlen$al glands as in Savin anti 
Clove, or may be tubular and lined with a secrotingoritheUtini, when they 
form ducts as in pine wood and vmbeUifcrouH fruits. In many trees the 
tissue between tlio oleo-rcsin ducta breaks down and an anastomosing 
system of lysigenous cavities is formed ; in this case olso the coll walls of 


the glands of Savin are a good example. A lysigcnons gland arises as a 
feoUd group of colls in which the secretion is produced ; tho central colls 
disintegrate, leaving the secretion surrounded by a layer of secreting celts, 
to which some remains of cell-wallB may be attached, os in tho glands of 



orango peel. In some plants tho glands may ariao schizogenously and 
subsequently tho epithelium breaks down producing a uchizolysigenous or 
obUtO'Bchizogonous cavity, oa may happen in clove. Oleo-resin dncts» as 
found in the urabelliforas and m the wood and loaf of Pintis, arise 
Rchizogonouslj% 8eo also Figs. pp. 150 and 216. 

In addition to tho secretion ducts normal^ present in tho plant, others 
may bo formed as tho result of injury, end, in certain trees, this may 
take place even if tho plant jwoduces normally no such ducts, 'tn® 
number of tho ducts tlms formed may bo very large and produce largo 
quantities of oleo-resin wbich, discharged over tho wound, forma a 
temporary piotection for it. This flow of oleo-rcsin, which is termed 
“secondary flow" to distinguish from tho “primaiy flow" from ducts 
normally present, is tho source of most of tlm natural oleo-resins of technical 
importance. 

Resin is not always found in special glands or ducts, it may sometimes 
occur in all tho cell elements of a tissue, as in tho wood of guaiacum, whoro 
all tho colls and vessels of tlie heart-wood become filled with 
Another method of formation is exemplified by shellac, which is foim^ 
from tho juices of tho plants by tho agency of the lac-insect, Tacharaia 
lacta R. Blanchanl, family Coccida, 
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COLOPHONY, Amber Re^, Resin, Resina. Colopbonium 
Sources, Colophony is the rrsidMe left after the distillation ^ tiie 
oil of turpentine from the crude oloo-teain of enrious species of Ptnus 
(Toum,) Linn., family PinaceJe. _ ■ j *i. 

The term “ common *’ turpentine is practically restnetM to the 
oleo-resm obtained in Amcritja, as flic English market is almost 
exclusively supplied from that source. Tlie bulk is obtained from 
rimij jKiIiwIn's Miller, the long-leaf pine, hut P. tceda Linn., the 
loblolly pine, P. fchinata Miller, the short-leaf pine, and P cuoensis 
Griscbach, the Cuban pine, all yield a considerable quantity. These 
tree", especially the long leaf pine, form extensive forests in the soutjiem 
and south-eastern United States, extending from Texas to North 
Carolina 'Hic oleo.rcsin is secreted in scKitogenous ducts occurring 
chiefly m the vrooil ; see Fig 189 



yio IWi Diafffstrv* of A tmrtwwe aurfac« of the woimUf'l tnmh of a 
pme tree, otwl II the tancential swrfiw^ of the joongert ■wood rtiowitiR 
targe anoKtoinoHing oleo nvm canal-, o. annual nng« ; t, camhiuin , 
rlr, cork anU riiyU'lojna . mr, mclullary ray; o.r. oleo-rcnm, or<i, 
olco rc«in Uuci.'rph.. fus^ivtary phloem. «c. wouml . */ >r . younpext 
wnotlrme lAflcr Tsohirrh I 


CoUection and Preparation. In iln* wmtor, wlnlo the troo k dormaui, a 
wiopinR mwimls nud iluwnwanK lonnwl n ‘’liov,'' n cut near tho 
Ixi*.. Ilf the Inn* inifik and n cortmn •‘mail amount uf oloo-re<u\ collectH 
in It III the {(jlUiwmg epring cmN are nuvle vrith an axe tu remove tho 
Inirk from an arm alwve Die “Iwjx,*' le.mng a V-diniK.«l picco of hark 
nlioNe tho Ixix.'' The vouiid'* wtimulAlo the formnlion of mimeroiii new 
n~*in.«luct>* m the younpwt wontl and from tho exjxj«c<V surhwe n)c>o-r»wn 
into t!w' ■ !>ox. ’ After eight or ten day-i the flow Hlackcn* and moro 
l«tk i« owa\ Inclier up. the proe«..,-« Ih-uik cnntimn'<l until tho 

autumn, wlien tlie flow TIve la^t purtions exiulo \ erj' slowly and 

df^' on the Kiirfrtce ; the incruUntton to fonaeil it Tcmovwl and fomvi tho 
milxtanee known in <\menc« a^i **aenipw ** aiul in Knclaiul Common or 
/tmrncnn t mnlinccrwf. Gum ThuM or Thua Amencnmim. 

^ To avtiid the revere damage to tlw tree* <*een*)oneil hy the rutting of 
•' lxixt-<.'* It »« IxyommR n common jimclice to pudi a imx-e of tinnM iron 
plate into the Ui«t« of the w(>miili-«i arw* an tit ttt Jivul the oh.o.n«in info n 
metal can attnchixl to the tnx. trunk ju*t lielow the irrai jdatc. 

After mie chte of the tiv«. haa Ixxni drninMl, tl»e o]vnil»on« am ri'jxmtixl 


on tho oppo’sito bido tiiul then at mtcrractliato positions until the whole 
t ICO IS exhausted, wlien it i>J cut domi and is replaced hy a young tree. 

Tho cnido turpcntino is removetl by a dtiJpcr from tho boxes to barrels 
for transjiortation to tho fitUls, which nro of copper, and are set in brick 
fumacoH. Water ia added and tho whole wai-med, any chips of wood, 
and other d6bris, that float to the top being flkimme<l off. Tho Jxead is 
then luted on, and tho licnt increasetl. At first, water and oil of turpentine 
distil over, subsecpicntly oil of turpcatino alone. Water is occasionally 

added tc * * ' After the distillation has been 

stopped wire strainers into barrels and 

allowed 

Tho finest resin is that obtained from tho tmo in tho first year when tho 
crude turpeptino yields about 80 xior cent, of it. After that, tho proportion 
of oil of turpentine in tho oleo*rc8in gradually diminishes, whilst that of 
tho resin increases, but tho latter becomes gmdually darker in colour. 
'The resin also becomes darker in colour if it is ovorhoatetl during preparation 
and forms common black tesin ; tho finest light-coloured varieties ore 
kno^vn ns amber resin. 

The American oil ol turpentine obtained by this process is usually 
dextrorotntorj', though it may be slightly Imvorotatorj-, and consists 
chiefly of rf- and f-pineno ; its sp. gr. is 0-860 to 0-870 and tho refractive 
index at 25® is 1-4G5 to 1'480 ; it distils completely between 160® and 1 80®. 

Description. Colophony, or araber-rcsin, occurs in irregularly shaped 
pieces of different sizes formed by breaking up tho contents of tho 
barrels in which it has solidified. Tho pieces are sharply angled tvith 
conchoidal surfaces of various sizes ; they are pale yellow or brownish* 
yellow, transparent, brittle and vitreous, and tho powder remains 


1*07 to MO and is insoluble in water. It is soluble in alcohol, ether, 
chloroform, glacial acetic acid, carbon disulphide, solution of chloral 
hydrate (6 in 2) and almost completely in light petroleum (b.p. 60" 
to 60"). 

Constituents. American colophony contains about 84 per cent, of 
total abietic acids, about 5 to 0 per cent, of resene, 0 5 per cent, of 
volatile oil and traces of a bitter substance. Tho abietic acids are 
three unstable crystalline isomeric acids, a, ^ and y abietic acids, to 
which the formula CjoH-jOj is assi^ed. Dufour (1922) considers that 
these acids are formed from the pimaric acid present in the natural 
turpentine by the action of Jicat. Tho acid value of colophony varies 
from about 136 to 180 and the saponification valuo from 157 to 200. 
Although tho saponification value is imiformly higher than tho acid 
value, the resin is nevertheless free from eaters. 

Colophony may bo identified by its high acid value and by the 
following reactions ; 0-05 gm. dissolved in 3 mils of acetic anhydride 
and cooled gives on the addition of 1 drop of sulphuric acid a purplish- 
red coloxir which rapidly changes to violet and finally brown ; a 
solution in light petroleum shaken mth a 0-1 per cent. aq[Ueou3 
solution of cupric acetate is coloured bright emerald green (reaction 
for abietic acid). 

Storage. Colophony should be stored in fairly large pieces in 
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wcU-clo^cd containers. Po-wdercd colophony gradually loses its 
soluhUity in light petroleum as it is kept and it simultaneously increases 
in weight, the changes being duo to oxidation. 

U»e3. Colophony lias stimulant and duiretic properties. It is ««c<.l 
chiefly as an ingredient of ointment* and plasters. 

Bordeaux inipesUne is obtainwl chiefly from the cluster pine, Phtu^ 
pfw«/er Ait (« P. m/irilirM Poirot), in tlio south-western departments 
of Lamles and Gironde, A vertical strip of hark, about 6 cm. wide, is 
cut from the trunk by a narrow .bltulcil axo and an earthen pot is support eel 
l>clow it to collect the crude turpentine. Tlio opemtion is tcpcatM at 
higher levels and tho pot BnwIuaUy raiseil imtil the length of the incision is 
niioul 3 metres ivn»l tho woun<le<l area luis been exhaaste<l. A fresh 
meision is now mwle about ono4hirtl of tho circumfereneo from the first 


ft ■ • • ' * ■' I f 

'Die resjn consists of pimannic, pimaric, and a- and ^.pimarohc ncuts. 
Tlie solatfle nd, French od of tnrjientine, is distinguisheil from American 
till of turjw'ntine by being strongly Itevorotatorj*. 

Venice turpenUac is ohtamcsl from the larch, f/orur eurvptra DO , family 
I’lnaerm, in France, southern Tyrol and northern Italy, by boring Into 
tbe sti-m in the spring, and collecting the oleo-resm that exmles. It is a 
yellowish. Hhghtly turbid, vi«cid b(|uid. with bitter aromatic taste. Tlio 
resmous {tortion eon«i«ts chiefly of «• and ^ farmohe neids. A fneldtous 
mixture made by m<d{inc tog«4lier rolophony, hnsivsl ml and turpetitino is 
rnmcioiiiy «ub«tuiite<l for it. 

Burgundj Pitch. tPix Ihirgundica) is an oleo resin ohtainoil from tho 
stem of tile Norwny spru'^c, f'lem erer/sn I,ink f • Piniu /Ifrirs Linn, Atira 
fjrrM I'lnret. (he Oin«tmas tree), family l’inncra». It is collectisl 
eliirfl) in Fmlaiul and to a Irsa •'Xtml in IIk* lllaek Fotrsl and the Jiim 
Mnnntains Incisions are ma'lo tbroiigh (be luirk into tbe joniig wwl 
antf tlie s'S’ietion «if tifeo-ri'ftin is •timnlatesl. It slowly collects iM-nriitli 
till- batk an<l. after sonv* mnntbs. is scm)«s| «mU fnnn the holiw m whirh 
It liss jxiiiially s-dKliruxl ; »i is tlwn melte*l under water nnd stmm»"il. 
Uufi:uii.l> pilch oreurs m >elli>wi‘li Imiwn to dull nsldish-hrown ojiaipm 
iu(u».e« wliicli gradtiallj lake tlie •ha)s' of tl»e cinitiuni-r ; it is more or 
less (enaruMis. hut iN^oornes linttin oi* kecjnng and shows a nuigh ami 
iHMiywhfti )lii«ty surfaee with eonehoidal an-as It has an njrns*ahl/» 
arrinvUic f«1mir and tin- ta«te »4 ifwrft and nniTnaiir wiihoiit bitlenirft*. 
ft IS ■rthit.tft III twieo Its weicht of xlaeiaf arelie aenj 

It r<intAin« rr-m ami a littl« S'olatile od TIm' ttwui roosnis of a and 
ft jnmandic a-ids. smsll i|uanliitr<i «.( pi«vo pjmirmie and pirra- 
)MjnAnr aeids and a n-srne, narn-sl j*m» rrsctio 

rartuimie llufpin t> pitcfi ts road" by ro-ftinR t.-g-llKr coh't'liotiv, 
tuq»“»viiTir. jwlm oil « r s^iroo «>ilM-r fat and a bill" wairr 

SAKBABAC. Gum 3aaipcr. Sieilxrsca 
Souwes. f^'idsrar »» a resm obtainsst frsan Tilftxl.nwi flrfrf-Hhi** iVshl ) 

ifaitcti,. Ciij4"«arr.-, a .mall Irw alr.i.i J n»-»ros hvh. cn,w,t,'c 

rf, tl- tivmols.os It, if.- i.nrtl, , f Affwa li i, oMsinr-l W 

'7“"*’; bsM l.-.T.p ai,.» CSJ,.f1«l. 

cJ.i-'fly ffMn M.Rsd .1^ ' 

XVWtboa. ^''‘t«l•se«4V'^f%ro'*nAll^4>a^s r. j., ^„} 

H I 
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2 to 6 jnm. thick, more or Ice? csylmdrical or stalftclitJC in form, two or 
more of which nro somotimos unit^ into a small, flattened ransa ; globular 
or poar-ahapod tears aro few in number. Tho tears have a dull, dusty 
surfoco and a palo yollowisli colour ; they aro brittle, breaking with a 
glassy conchoidal fracture, and exhibiting a clear, transparent interior, in 
which Email inEocts nro occasionally embedded. Tho resin has a slight 
torebinthinnto odour ond a terebinthinato, slightly bitter taste ; wlion ' 
chewed it breaks vip between tho tooth into a sandy p'~. ■* eh, luiliko 
nwstich, sljowtf no <lispoRitton to ncp»^~— • ' 

It is completely Bolublo in . . ■ ' . . .in ether, 

partially only m chloroform, cai • lutpontino and light 

potroloum. 

Oonstitaenis. Sandamc consisU of rosin associated with traces of 
volatile oil, bitter principle, otc. Tlio chief constituent of tho resin is 
{optical^') inactive punaric acid (85 por cent.), obtninablo in acicular 
crystals molting at nO" ; other constituonts nro Randaracinic acid (2 per 
cent.), amorphous, calhtfohc acid (10 per cent.), aiul sandaracorcsone. 
Calhtrolio acid is easily convertcsl into tho lactone which is insoluble in 
alcohol. 

Uses. Sandarao is ehiofly usofl in the manufacture of varnishes; it is 
paler in colour than shellac, and is thoreforo more Buitnblo for light wood,s. 
It is good rosin for making permanent microscopical preparations. 

fiabstihite. AustraUan eandarae, from U, verrucosa Robert Dfoim, is 
occasionally imported. Tho teats aro softer, larger, and more aromatic 
than those of A-fricau anndarac, which it othonviso resembles. Its 
compwition is simiJar, but it contains more wlatilo oiJ end more mactfvo 
pimario acid ■“ 

OUAIACUH RESIN. Resina Qaatacl 

Sotttce, etc. Guatacum rosin is tho rosin obtainetl from tho stem 
of Gwiacum. Linn., or Ottaiacum sanctum Limi., family 

Zygophyllaceas. 

Preparation, Tho bulk of tho rosin of commerce is pro<luoctl in tho 
following rather emdo way from tho trunk of tho tree, tho henrtwood of 
which contains from 20 to 25 per cent, of roam : A log of tho wowl is 
supportwl in a horizontal position above tho ground by two upright bars. 
Each ond of tho log is then sot on flro, «n<l, a largo incision having been 
previously made in tho midtlle, tho melted rosiu runs out tliorofrom in 
cojisidorablo abundance (“ Pharmacogmpbia ") ; or ono ond of a log of 
wood is raised, and fire applied to it, when tho melted resin will run out 
of a groove cut in tho other end, and may be received in jKjtshenIs (block 
rosin). Tho resm may also bo obtained in tho form of teats by incisions 
matlo into tlie trunk, but tho tear msu\ of commorco is cortamly not so 
produced ; probably it consists of tho Iast,runnlngR of tho melted rosin' 
whieVi solidify in tlio form of tears. Tho resin is also prepared by extracting 
tho w'ood with alcohol. 

Description. Guameum rosin is usuolly soon in largo masses of dark 
colour, often raoro or less covmcd with a greenish powilcr. Tho roaiu 
breaks easily with -a clean, glassy fracture, thin splinters viowetl by 
transmitted light being transimiont, and >'arying in colour from yellowish' 
green to reddisli-brown. Tho powder *s groyiSi, but becomes green by 
exposure to light ami air. It lias a sightly acrid taste, and, especially 
when warmetl, a somewhat balsamic odour. It is freely f-olublo m alcohol, 
chloroform, and solution of eaustjc potiiBli, incompletely in etiior, and only 
slightly soluble in pctrolomu spirit, carbon disulphide, or benzene. 

Tho lesin in teiua occuis m roiiiulcil inas'.os, 2 to 3 cm. iu diameter, 
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covcml with ft gnyrvWj pow»I»T. ftn«l exhibiting the chftrflcters 
Already dclftilod. 

Tlio eomm''rtial «lnig w never comi'lctcly >^*luhl0 in alcohol. Tjio 
n‘«ithic‘, wjncli m the caao of trnr rewn nbout 1-5 per cent , anil in good 
Mmp!<^ of ti>o lump ft\rrftc<*H nfmtit 7-5 per cent, niul nfiouM not excee<l 
10 jw*r cent., in exceptional carca, however, it may Amonnt to os mvich fts 
2.7 i*er cent. It consixtA clurfiy of vegelnhle debris, pnm, etc. 

Constitoents, Guomeum rw>u\ conswt* chiefly of «• and ^-gtiatftconic 
ncul«, ftlmut iO cent . puftiftn^tic oe«l, about 11.25 {vr cent , and ft 
email arnoiMjt of piainnc nciih Other constituents ftro piftiftc-^-resin, 
nlwiit 15 pi'r cent., pimme yellow, vnnillm And piaiac-sajwnm. 

a.fJuAiAcoTnc nci'l is ft colourles.H nmotitlunH substance, prohnlily ci 
tmxturr, one constituent of winch ischnngtsl by oxidising ngentft to deep 
blue guftiae-blue. ff CSnaiftOonicftcidiscoloiitlessimdcryKtalfinc. Giuiiaretie 
nci<l ts light hrmni, ftmorjJinu*, and msolnWe in ether, Guniac-^-rcsin is 
brovni anti nmorplinus, nnd ftjipofttw to !» chiefly n decotniiosition ptxxfuct 
of Iho guaineonic acels 5 U contnm* the substance llmt yields guame-LItio 
hy oxulAtion. 

GnaiAcum rwm in oiisily identifinl by its rvncttoti with oxi'dwmg Agents. 
Tliin in Ismt seen by diw, lying ft little of the nwin in alcohol nnd ndiling ft 
drop of ddutA sohitmn of feme chloride ; tho InjuitJ insf/intly nssnmes a 
deep lihie colour which in d'^ntroyt-*! liy rtnUicmg ngi'nts, but rentoml by 
oXKhning Agents. 

The Action of guftiaeum m tluit of a local stimulant or, in largo 
i]cM 4 «i, imtnnt. It has Ins-u employiHl locAlly in the hum of a lozenge, 
nnd lifts a1»o l>i>en given in chronic gout And ri^^•um^ll'm^ In the form of 
Imctvirc, It in uvsl for tlie detection of oxwtAscs 


BENZOIN. Beozolnttm 

llcntoin occurs m sevcml ncell-definetl commctcinl vnrioiies, one of 
which. SuTUfttra licnioiti, U the mont >*nliied mwlicinftUy. 

Tlie trees from whkii l«eutoin is ohtaincil do not contain Any sjicciftl 
secreting eeUn or ducts, And normally |>twIuco no benzoin , the dnig 
Is therefore n pftihologicAl product, the foTm.stion of which is inditectl 
hy injury to the itec 

.SrjfATRA flcxroix 

Soutets. Sumatra lirntom is nhtaineil from Slymx /hntoin 
Prvander and S jiarolh/onrurw*. family SlyraceT. trees imligenous to 
and cultivateil in Siiuintm After the mflie'tum of injury the cnmhliim 
rajndly jutslures new WiksI. m which a ring (or Mimeti'mes two rings) 
of olco-ftstn ducts arc forniml fly the hre-tking dnwn of the tisnun 
ls*twTen the duct* Urge schirolyrigennun r.sn.sln are produced, the 
olco rt-in from wlueh flown oner the wnunileil surfare Similar ihicts 
ate al»o fiirmc«l (n the Ivirk 


OotlectiOa and rrr^inUmi, West Somsun l.en»om i« j'trj^Te.f fnun 

.V sr..t .V l».n;-AHltrstv«. 1935) a. j,.lj mn 

e^.^rt t-ven to trt, ).Ar« .t| x\^ «re.« fcir |„r ir^m Its- 

lAAli'ig In « ptme. «t <d>iiii 4ft cm s1w,\n ibn lhr»s, 

fnjnng w>rtsf,.l,. «.„{ 40 rin r<w», »f n 

An.t A tl let .\fUf At-«rt « w».V n j-rll^-wi.b l.i 

*■*? V* tl.v r.nv.n-r.1 un « ! a/, sm-.M^Krtr. msM 

»1 i'll U !>' t l!l..«r^l . U.,- (t f>eW 

inr *, l.n-W n-A’le * cm. sbo « fA«-h« t tlie « aM ai A.Vhjk«*J 
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Hor'u'H ol 40 c’/n. oJkjVo tlwj of iho origmnl tliroo mihn. Tiih 
Irofttmont contimim ujjtii linw of incmionw have 1»ec» made nnd oxhnufltcth 
otJior Hn(*« of iucMcfsiH nro Jiow hliirtccj at intorrocdiato jJositionK botwoon 
tbo flrnt linoH. Tlu» outer part of tbo hanloncil whito exudation is first 
coHcctwJ ; iliiH is tbo finest quality arul forms tlm “ almonds " of tho 
hon^oin, Latfjr colloctums taken neaior to tbo bark are darker in colour 
nml yield hpcoikI ami tbinl qualitM-w. Koab of tbeno qualities is at first kept 
H<q>ni'ate, but tliey aio subsoquently, at tlio oxjjoit town (Palcmbaiig), 
mixed in dofiuilo prujiortJonK, Koftaunl in Ibo Hun and stamixid togotbor 
into solid masses. In thix way threo variotioa of bonzoin aro obtained, 
varying in the projiorlUm of white “nlmoinls" to brown matrix and in 



Fio. 101. Iksnioin. A, first incisions. /?, one ond half to two montlw 
After d. C, three months after Jf. D, twenty-four months after li. 
J'l, section of treo sJwwing tlw throe position* on tho clreismf<irvn<v whew 
tlie first rows of ineisjons nro nwide. (After Koinitzor.J 


tho proportion of frngmontH of bark they contain. A slnglo trow will yield 
a^ut 10 kilos jHjr year ami Jwcoines eompJotoly oxhausieii nJ«>iifc tho 
fiovcnleenth to tbo Jii«ot<H}nth year, (Hoinltzor, 1020.) 

Description. Sumatra benzoin occurs in massos consisting of opaque, 
creamy white tears embedded in n dull, groyiah-brown, or aomottmoa 
roddiah-brown matrix. It is liard and brittlo and tho fractured 
surface is dull and unoven. It po.'wesHca an agreeable, balsamio odour, 
recalling storax, and a filighlly acrid tasto. \V1icn cautiously boated It 
mellfl and evolves whitisli irritating fumes of benzoic and cinnamic 
acids. iVlicn n. liltJo of tho cnishod rcatn is warmed ivitU dilute 
Buiphurlo acid and potassium pormtuiganato bcnzaldehydo Is evolved, 
indicating the presence of more than traces of cinnamic acid in tho 
drug. 
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Sumatra l)ontom ia frequently contaminated nitli pieces of Lark 
and other debris, especially in the angles and round the sides of tho 
box in ^vhich it U packed. 

Good Sumatra benzoin should not contain more than 20 per cent, 
of substances insoluble in alcohol ; inferior qualities often yield np 
to 30 per cent. ; on ineincration, it ahonld not leave more than 2 per 
cent, of ash. 

Constituents. Sumatra benzoin consists principally of esters of 
cinnamic and benzoic acids a8socintc<l with the free acids. Tho alcohols 
■with winch tho acids arc combined in the form of esters arc Ikjiizo* 
resinoV (probably identical with -the smreainol of Siam benzoin), and 
probably coniforj'l alcohol asaocinted witli oxidation products of tho 
latter. Tlio dnig contains, in addition, traces of benzaldchydc, 
vamllin (1 per cent.), phcnylpropjd cinnamatc, styrol (phcnylclhylcne), 
and stjTacin (cinnamylcmnamate), all of which comhino to produce its 
particular fragrance. 

fre 

cii 

6-5 and combined benzoic acid 2-5 per cent. 

Sum Benzois 

Sources. This variety of benzoin is coUcctcd in tho Siame«o provineo 

• ' ’ r ’ ‘ ■ ’* * ’ of ttio MekoiiR Itivor, from 

• . ' tree <Ioes not yield benzoin 

• * • 1,600 metres and is prowrly 

tajjped. 

CoUectloD. How tho tapping is oftectcil is not definitely known, but 


bark is loosened by a preliminary beating. 

Description. Siam benzoin occuro in commorco ckhor os Bojvirato tears 


glassy, reddish-biown, tran<parent or translucent resin, which givcs'th'o 
surface a peculiar varnished appearance In this case also the proportion 
of the red, transparent rosin increases as the drug is kept \mtil it becomes 
its most piominent feature 

Both varieties of Siam benzoin are characterised by their agreeable 
fragrant odour, recalling vanilla; they are almost entirely soluble in 
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powdi'r. ’ivi'i'-'’ ■ , ' s' ‘ . ; 

c . ■ ■ ■ ■ 

Cv.'u-»vivU.euis. ’ ‘ ; composition : — 

a- find acids, ainorj>Iious, soluble in 

alcohol ....... 38‘0 per cent. 

_ ■ • . . . 30-0 

“ ■ •“ ■ * . . . 20 0 
< ■■ .... 4-0 „ 

\ uuitiio oil ....... 2-0 „ 

Masticohc ncid, crj’Btallino . . , .05,, 

It conBistB therefore chiefly of rcRin ncida nml rcsencs associated with 
about 2 per cent, of volatile oil (chiefly d-pineno). 

Uses, Mastieli mas fonnorly employed ns a stimulant, and was also 
used m the manufacture of vamisUea. Foe tho latter ptrepoao vt has been 
BUporsedod by other cheaper resins; it is, borvover, uscil for making a 
surgical vnmish. 

Substitutes. Bombay masti'*** ^ 

probably other spociesl ; it . • ' ■ 

! . . • * . . u» 

. ' • • lOJ)), u'hich is much liighcr than 

’ ■ . viw {.. U4I. indian mnstic is from P. eabulica and 

i'i.stachio wnstic frem P. (erebtnthus. ' 

GUM-RESmS 

The giini'rcsms consist, ns their naiuo indicates, chiefly at least of 
resin and gum, *lVith tlieso constituents, hoxrovcr, there are alwa 5'8 
associated small quantities of other substances such as volatile oil, 
hitter principle, enzyme, etc. They oro secreted either in schizo* 
genous or schizolysigenoua ducts or in secretion colls i in tlio former 
case they are formed in tho epithelial ceils, and discharged into tho 
ducts in the form of milky liquids which exudo when tho ducts aro 
punctured. 

The resins contained in tho gum-resins exhibit in general tho 
characters detailed on pp. 415-417. 

The gum of most of the gum-resins resembles, but is not identical 
with, acacia gum ; very possibly it may consist of two or more 
glycosidal acids in. varj'ing proportions. It is always accompanied by 
an enzyme from wiiich it has never yet been freed ; it therefore always 
coiitains traces of nitrogen. 

GAMBOGE. Cambogia 

Sources. Gambogo is a gum-resin obtained from Garcitiia Hanburii 
Hooker fllius, family Guttiferro, ft tree of moderate Rize found in Cambodia, 
Siam, and tho southern parts of Cbcliin Chino. 

- Collection. The bark of tho tree contains in tho cortex, os well os in the - 
phloem, secretory ducts filled with a yellow, resinous emulsion, the two 
systems of ducts being coimccted by transverse canals at tho nodes. 

The gamboge is obtained by making, in tho rainy season, a spiral cut 
in the bark from the height of about 3 metres down to tho ground. Tho 
emulsion wells out and trickles doTO the incision into a liollow bamboo 
'placed to receive it. From this it is transferred to smaller bamboos; 
'these are set aside until, in about » month, the gamboge has solidified. 
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It 13 removed from tho bamboo by drying over a firo until tbo bamboo 
cracks and can bo stripped off. Tho dn^ is sold tb local collectors, who 
convey it to Bangkok or Saigon, whenco it is exported to Euroiw, usually 
vid Singapore. 

It is occasionally formed whilst soft into cakes of various shapes or into 
thick sausage-lil' 
which they boar 

Description, 

in thickness, tin 

hollow in tho centre, and marked externally with longitudinal stnations 
derived from the inner surface of the bamboos in which they liave been 
dried. Tho drug breaks easily, with a smooth, uniform, conchoidal 
fracture, the freshly fractured surface having a dull gloss and being of a 
rich reddish-yellow or brownish-orange colour. It is easily reducetl to a 
bright yellow poivder, with little odour, but witli an acrid taste. 

^croscopy. Thin splinters mounted in oil exhibit a ground-moss of 
gum in which numerous minute granules of resin ore scattered accompanied 
by occasional ciystals of calcium oxalate and starch grains derived from 
the incised tissues. 

Constituents. Gamboge consists essentially of a mixture of 70 to 80 per 
cent, of resin with 15 to 25 per cent, of gum. 

The resin, formerly known os cambogio acid, is soluble in alcohol, 
ether, chloroform, benzene, petroleum spirit, etc., as well as in sblutions 
of altolino hydroxides and carbonates ; from its alkaline solutions it is 
precipitated by acids. From it three acids have been soporatod, viz , 
a-, and y-garcinolic acids, tho last named being characterised by tho rod 
colour of even a veiy dilute alkaline solution. The gum is onalogous to 
acacia gum ; it is lasvorotatory and contains an oxydaso enzyme. 


colour. 

Lump or cale gamboge consiita of pipo gambogo bent and pressed whilst 
soft so as to form o cake ; or it may occur in irregular lumps which aro 
frequently soft in tho interior and often contain abundant visible impurity 
m tho shapo of sand, small atones, otc, 

Saigon gamboge U occosionally oxijortod from Saigon in short, thick, 
cylindrical cakes wrapped in }>alm leaves. 

Uses. Gamboge produce* purging ond iu largo doses vomiting. It lias 
been employed as a hydra^>gue cathartic, but is now seldom used as q 
medicine. 

Adulterants. Tho chief adulterants are starch, morganic matter (such 
as Band, etc.), andyegotoblo debris. Thes© aro all easily detected bv thmr 


MYRRH. Mynha 

Sources. a r""' r -'- .t 

mofmol, Enp ■, ' ■ ■ ■ - . ' s ■ 

collect!^ cb . ■ '. » 
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Constituents. The 'white fears of Siam benzoin are crystalline and 
consist chiefly of coniferyl benzoate. When ■warmed to about 50® the 
white tears become yellow, rod and b^o^Tn and lose their crystalline 


Further constituents are vanillin and an oily aromatic liquid, probably an 
ester of benzoic acid. Siam benzoin contains about 39 per cent, of total 
aromatic acids (about 23 per cent, free and 16 per cent, combined), 36 per 
cent, being benzoic acid and 3 per cent, cinnamic acid (Cocking and 
Kettle, 1914). This proportion of cinnamic acid is so small that it cannot 
be detected by heating mth solution o£ potassium permanganate. • 

Penang Benzoin 

Two distinct varieties of benzoin from Sumatra have been known under 
this name. They are derived from Styrax subdenticulata and S. 3tib- . 
panictilata. The one, now generally termed storax-benzoin, bos a very 
agreeable odour resembling storax ; the other, known os “ glassy Penang ” 
or simply “Penang” benzoin, is distinguished by its glistening glassy 
fracture and slight odour. Both varieties are packed like Sumatra benzoin. 

Paujmbano Benzoin 

This vanety, which is not ofHciol, is pro<luced in Sumatra, solely from 
S. Benzotn. It is commonly imported in tins, four of which are packed in 
a wooden case. It differs markedly in appearance from both Siam and 
Sumatra benzoins, consisting principally of a translucent, groyish-brown 
or reddish resinous mass in wliich a few scattered, opaque, white tears are 
embedded. It breaks with an irregular fracture, the fractured surface 
being uneven and often exhibiting small cavities. The colour, which is not 
strong, recalls that of Sumatra benzoin. Its constituents have not yet 
been accurately investigated. It is use<l for the preparation of benzoic aeid. 

Uses. Benzoin taken internally acts as a carminative expectorant dnd 
diuretic ; externally it is stimulant and antiseptic. 

DRAGON’S BLOOD. Sanguis Draconis 

Sources. Dragon’s blood is a resinous secretion from tho fruits of 
Btrmonorojjs propinqwts Bcccari, D. ruber Martius, and probably other 
species. The two species named were formerly included in Calamus Draco 
Willdenow, family Palmas j they are climbing palms with long, flexible 
stems, and are indigenous to Sumatra and Borneo. 

Collection. The plant produces numerous small fruits about tho size 
of a cherry, covered with hard, yellowish, imbricated scales, which overlap 
one anotlier from apex to base. From between these scales a red resin, 
probably produced in the pulp of the fruit, exudes and more or less 
completely encrusts the fruit. Tlie fruits aro beaten and shaken together - 
in sacks gr baskets, and tlie scpamtetl resin mixed with wafer, pressed 
into moulds, and then melted ; or it is made into a cake which is wrapped 
in a cloth, steeped in hot water and preS8e<l to form a solid block. It is said 
to be nearly always mixed with the milky juico of Qarcinia parvifiora , 
Jliquel (Trcub, 1891). 

Description. Dragon’s blood occurs in lumps of veiy varying size and 
” - - . • • • ighmg several 

. • tlioy may bo 

■ ^ . ... jout 6 cm. m 

thickness. Occasionally it is imported in aticks about 20 to 25 cm. long 
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and 2 to 3 cm. thick or 30 cm long and 1-5 cm, thick, each carefully 
■ ' *■ ’ These varieties are known as 

blood. 

, i dull, dark red colour, and are 

more or less covered, where the pieces have rubbed against one another, 
■with a crimson powder. They are brittle and friable, breaking with a 
glossy but irregular, uneven fracture, nunute fragments being translucent 
and of a deep gamet-red colour. 

The drug yields when crushed a bright crimson powder, has no odour 
and IS practically tasteless, breaking up when chewed into a fine gritty 
powder. 

Tears, in which form the drug is now seldom seen, give a glassy, 
conchoidal iracture, thin flakes ol a clear gamfet-Tei eolcfur. ^ 

Constituents. Dragon’s blood consists principally of a rod resin (57 per 
cent.), a compound of dracoresinotannol (ft resm-alcohol) with benzoic and 
benzoylacetic acids. Other constituents are white, amorphous dracoalban 
(2’6 per cent.), yellow dracoresene (14 per cent.), vegetable ddbns (18-4 
per cent.), and ash {8 3 per cent.). 




fragments seldom exceeding 2 cm. in length witli a vitreous fracture, thin 
splinters being of a ruby red colour. It does not e'volve an odour of 
benzoic acid when heated, and contains no scales similar to those found m 
Sumatra dragon’s blood. 

MASnCH. Alasticbe 

Bouices. Mastich is a lesm obtained from a broad-leaved ■variety of 
PUtacia lenlUcus Linn., family Anacardiace», a shrub or small tree 
indigenous to the countries bonlering on the Mediterranean. Tho resin 
which has been known from the earliest times, and was formerly much 
more highly prized than it is now, is collected on the island of Scio in the 
Grecian Archipelago, and also in pyprus, and possibly on othor islands, but 
is exported only from Scio. 

CoUechon. The bark of the tree, which contains a circle of oleo-resin 
ducte ia iha phloem, i* •pvmetUYed with a. amafl m-stroment reserabling a 


Description. Mastioho-r — ^ in — -.’1 d *• | » . 1 , 

ovoid, or nearly globular, . ’ .i ! * > ■< •:: ■ ■ « ; ■ ■ , ■ 

not often, they are elon{ i -I .■ ! i< . ' ! 'i' • • • ■ _’ < • i. 

d quite 
‘ illow in 
with a 

iKiiiKparcnt. When chewed the tears break up at first into a’sandy 
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powder, which subsequently o^lomeratcs into a plastic mass. Tlio drug 

< ■. :: .t". ^ ^ ■ 

a- and ^•Mnsticonic acids, amorj^hous, soluble in 


alcohol ....... 38*0 x>cr cent. 

a-Mnstieoreseno, soluble in Mcohol . . . 30-0 „ 

^•MaKticoreseno, insolublo in ftlcohol . . . 20-0 ,, 

a* and ^-Mnsticinic acids . . . . . 4*0 „ 

Volatile oil ...... . 2-0 ,, 

Mnsticohe acid, crj’stalliuo . . . . 0*5 „ 


It consists thereforo chiefly of resin ncids and rcscncs assocfatcxl with 
about 2 per cent, of volatilo oil (chiefly tl*pincno). 

Uses. Jlnstich was formerly employed os n stimulant,’ ond was olso 
usod in the manufacluro of vnmislios. For the latter purjwso it has been 
superseded by other cheaper resins; it is, however, useil for making a 
surgical varnish. 

Substitutes. Bombay mastich is obtained from P. Khinjuh Stokes (and 
probably other spocies) ; it is darker tiuui genuine mnstich, Ios.<? vitreous, 
more soluble in alcohol an<l less soluble in oil of turpentine. It may also 
bo distinguished by the acid value (103 to 109), which is much higher than 
that of gomiino mnstich (45 to 07). Indian mastic is from P, eahiUca and 
Pistachio mastic from P. Urcbinthu$. ' 

GUM-RESINS 

Tho gura*rc8in8 consist, as their name indicates, chiefly at least of 
resin and gum. ‘With tlicso constituents, however, there are always 
associated small quantities of other substances such ns volatilo oil, 
bitter principle, enzyme, etc. They are secreted cither in schizo* 
genous or schizolysigenous ducts or in secretion cells ; in tho former 
case they arc fonned in the epithelial cells, ond disclmrged into tho 
ducts in tho form of milky liqtiids which exude when tho ducts aro 
punctured. 

Tho resins contained in tho gum*rcsins exhibit in general fho 
characters detailed on pp. 415-417. 

Tho gum of most of the gvim-rcsins rescnihlcs, but is not identical 
with, acacia gum ; very possibly it may consist of two or more 
glycosidal acids in varying proportions. It is always accompanied by 
an enzyme from which it has never yet been freed j it therefore always 
contains traces of nitrogen, 

GAMBOGE. Gamlo^a 

Sources. Gamboge is a gum-resin obtoined from Oarcinia Hanbttrii 
Hooker filius, family Guttifer.'C, a tree of modernto size found in Cambodia, 
Siam, and tho southern parts of Cochin Cliina. 

CoUectlon. Tho bark of tho tree contains in tho cortex, as well as in the - 
phloem, secretory ducts filled with a yellow, resinous emulsion, tho two 
systems of ducts being connectetl by transverse canals at tho nodes. 

The gamboge is obtained by making, in the rainy season, a spiral cut 
in tho bark from tho height of about 3 metres down to the ground. The 
emulsion wolh out and trickles down the incision into a hollow bamboo 
'placed to receive it. From this it w transferred to smaller bamboos; 
"these are set aside until, in about a month, the gamboge lias solidified. 
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It h romt>TC(l from tho bnmboo by drying ovor ft ftiu until tlio bainboo 
cracks and ean bo stripjMjd olt. Tho drug is sold tb local collectors, who 
convoy it to Bangkok or Smgon, whence it is exported to Europe, twually 
01*4 Singapore. , 

It is occasionnlly formed wbdst soft into cakes of varioxia Bnftpos or into 
thick sausngo'hko massos, whicli nro wmppetl in leaves, the impression of 
■which they bcRt on their surfaco (Sii^;on gambogo). 

BescripUon. Tiio finest qualitios of gamboge occur m rolls, 3 to 5 cm. 
in tlucknoss, and from 10 to 20 cm. m length, nearly cylindrical, solid or 
holimr m the centre, and marked oxtomally with longitudinal atnationa 
derived from the inner surfaco tlw bamboos in which they liavo boon 
dried. The drug breaks easily, with a smooth, uniform, couchoidal 
fracture, tlw freshly frncturotl aurfaco having a dull gloss anti bomg of n 
rich reddish-yoUow or brownHh.omnBo colour. It is cosily rctlucod to a 
bright yellow poirtler, with Jittlo odour, but with an aerul taste. 

^croseopy. Thin splinters mounted in oil oxlubit o ground.mass of 
gum in which numerous nunuto granules of resm nro soatterod accompanied 
by occasional ciystals of calcium oxolato anil starch grama derived from 
the incisod tissues 

Consiifeuenta. Qnmhogo consists osaentially of a mixturo of 70 to 60 por 
cent, of resm with IG to 25 por cent, of gum. 

Tlie rosm, formerly known as cambogic acid, is aolublo in alcohol, 
other, chloroform, bonzono, petroleum spint, etc., as well as m sbluitona 
of alkaline hyilroxidcs ond carbonates ; from its afksfuio solutions it » 
proQipitntotl by acida. From it threo aciiLs have bocn separated, viz > 
a*t and y.garcmolic acids, tlio last tianuid being characterised by tlie ro<l 
colour of oven a very dilute alkaline solution. The gum is analogous to 
acacia gum ; it is isivorotatoo’ and contains an o.vj'ilase cnz^Tuc. 

Rubbed with the wot finger gamboge mstantly forms a yollow omuision. 
It is almost completely dissolved by tho successive action of alcohol and 
water. Tho yollow emulsion yaolded with water becomes nearly clear and 
deep orango.rcd on tho addition of ammonia. 

Varieties. Plpt gamhogv, as abovo dosetibod, is the beat variety. 
Injtnor gawb^s breaks with a dull, rough, granular fracture, and tho 
fjnetured surfacOi which often exhibits small cavities, is of a, dark browni^i 
colour. 

Lump or cake gamboge consiats of pipo gamboge bent ond pressed whilst 
Boft SO 08 to form a cako ; or it may occur m irregular lumps which are 
frequently soft m tho interior and of ton contain abundant visible impurity 
in the shapo of sand, small stones, etc. 

Saigon gamboge is occasjonaUy exported from Saigon in short, thick, 
cylindrical cakes mapped in palm loaves. 

XTs^, Gacobogo produces pu;tgmg and in. Iftige doses vomiting. It has 

been, employed as a hyilragr^o cathartic, but is now seldom vaed as a 
medicine. 

Adoltezaats. The chief adulterants &ro etarch, motgamo matter (such 
as sand, etc.), ond vcgotoble d^bns. These are all easily detected by their 
ineolubiUty m alcohol and water used succoasivoly or in dilute ammonia. 

Indian gamhoge is obtamost in India from Q. moreUa Doarousseaux, 
and resembles Siam gamboge m ita essential quahtioa ; it « used as an 
equivalent of gambogo in India and tho Eastern Colonies. 

MYERH. Hyrrba 

Bouxees. il^Trh is a gum-ream obtained from the stem of Commiphora 
tnolmol, Engier, and probably other epocies, family Burseraceae. It is 
collected chiefly in Somalfland (in tho north-east of Africa), brought 
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doAvn to tho coast and sent to Aden, whence it is shipped to Europe, 
cither direct or I'/d iTombay. Some myrrii is said also to be collected 
in the south of Arabia. 

Collection, Kcluzogonous ducts in tho hark become enlarged by the 
breaking dowai of the Hurrounding cells to foim largo lysigenous cavities 
in which a granular olco-gum-rcsin collects. 'Wlicn tho bark is wounded, 
tho secretion exudes and changes in the air from a yellowLslnwhito flukl 



m 

Fio. 102. Jlyrrh. Section of a portion of bark, probably of Commiphora 
molinol V, outer portion in which layers of Bclerenchymatoua cells, st, 
alternate with thm-walled cells, d; p, phloem parenchyma; 6, scleren- 
chymatous fibres ; tn, medullary ray ; o. o!eo>resin ducts contaiidng a 
granular secretion (myrrh) j O, tissue breaking dovm to form a cavity 
filled with the secretion. Magnified 280 diam. (Vogl.) 

to a re(ldlsh•bro^vn bard mass, which is myrrh. Tho greater part of the 
gum-rosin exudes spontaneously through natural fissures. The gum-resin 
is collected by the Somalis chiefly on the liigh plateaux of the interior. 
They also collect perfumed myrrh or bissabol and a variety of gum acacia, 
the three commodities being put into separate bags made of goat-skins. 
The produce is taken down to the coast to tho great fair at Borbera on the 
Gulf of Aden (November to February) where it is bought by traders from 
India who sliip it to Bombay, where it is picked over by hand to remove 
impurities ; it is then exported to Europe. Some myrrh is taken to Aden, 
whence it is shipped'oither to Bombay or direct to Europe. 
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Description. JIjTrh occurs m irregular rounded tears or in masses 
of agglutinated tears about 2*5 cm. in diameter, soractiraos ns much as 
10 era. across. The pieces are reddiAh-bcown ‘with a rough, dull and 
dustj' surface ; they nro brittle and break mth a granular fracture, the 
exjposed surface being unctuous and often marked by ^rhitish spots or 
veins ; thin aplmters are translucent or almost transparent Tho drug 
has an agreeable aromatic odour and an aroraattc, bitter and acrid, but 
not unpleasant taste. IViturated with water it yields a jullowish 
emulsion. 

Constituents. Myrrh consists of a mixturo of rt-sirt, about 2^ to 
35 per cent , volatile oil, about 2-5 to 6*5 per cent., the remainder 
of the drug conaLsling o! gum, moisture, and TOrious impurities. 

Alcohol dissolves tho volatilp oil and resin- Tho volatile oil is 
ycliowiBh and viscous and resinifies with great rapidity. Tho rosin 
js not entirely soluble in ether. The insoluble (smaller) portion 
contains «- and /?-heerabomyrrfjc»2ie acids and tho portion which is 
soluble in other contains three free resin acids, and y-commiphorio 
acids, esters of a resin acid, commiphormic acid, and two phenolic 
rosins, «• and ^.hcerabomyrrhol (Friedenck, 1007J. These con* 
atituents differ roatkedly from substances isolated from other resins. 
II Riyrth ia extracted with ether and the solution is allowed to ovapo. 
rate, it leaves a thin film upon tho dish and thU la Immediately coloured 
deep violet by the vapour of btorame or the fumes from nittio acid. 
Both the volatile oil and the resin give this reaction. 

Tho gum is apparently allied to acacia gum ; it yields by hydrolysis 
arabinose and contains an oxydaso enzjTne the aetinty of which is 
destroyed by a teraperatuco (in aoiniion) of JOO®, but not of 90*. 

The bitter principle has not yet been isolated. 

Good myrrh should yield not more than 70 per cent, of aubstancea 
insoluble in alcohol and not more than 5 per cent, of ash , commercial 
powdered mjTrh often yields much more ash 

Uses. Myrrh has stimulaut and antiseptic properties ; it is used 
as a mouth wash and as a uterine stimulant end emmenagogue 

SubshtuUs and Adukccasts. Jn additicn to SomaU myrrh as above 
desenbod, the following varieties occur in commerce 5 — 

Fadhh or Arabinn myrrh, whicfi occurs m amaUer pieces made up of 
agglutinated tears, presenting alessdiwtysurtaee, and free from white mark- 
ings Tho odour is less fragrant ond tasto less bitter than that of goniwn© 
myrrh. It is said to be ooltectod on tho motmtams to tho east of Aden. 

Yemen -myrrh, which occurs m lar^ pieces of dark reddish-brown colour 
and d^ty surface. It oaiiibita no whitish streaks and exudes no oil. Tho 
tasto 13 bitter \ the odour re«eniblee that of myrth, but is loss aromatic. 
It 13 osportod from MakuHah to Bombay and Aden. 

. Perfumed hdeXl\um or CwsoSof, which closely resembles myrrh anil comes 
from Ogaden. It breaks with a waxj' fraoturo and yields to the nail, 
giving an oily exudation like aoU myrrh. It has a yollowisli colour and 
exhibits white markings, which, however, are traversed by angular 
interstices filled with a brown resm. It has % taste and odour quite distinct 
from those of myrrh, and it does not yield the violet reaction. It u 
frequently seen in tho Lccidon nmricet. whfere it is offeretl for-oale under 
various names (scented bdeKmm). It js prohnWy itorived from C erytfirtga 
vftr. gUibnscens Engler. ’ 
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Opaque bdcUium, o very hnnl, yellowish-bro^vn opaqiio giim-rc'^ln with 
but a slight odour and a bitter taste. Portions of a papcr>' bark are 
frequently found associated with it. The tincture (I in 0) assume? an 
intense groonish-black colour with Rolutton of ferric chloride. 

African bdellium, in hnnl pieces, translucent in tliin layers, and red 
when viewed by transmitted light. Tlio fracture is dull and slaty, the 
margins possessing a powdery appearance ; it has a bitter taste and an 
odour recalling jxsppor. Tlio tincture gives no precipitate with ferric 
chloride. 

Indian bdellium, which occurs in largo irregular masses of a dark reddish- 
brown colour. The fractured surface resists the nail, and is covcreil srith 
cbaractorislic, minute, shiny points of resin which also appear on tho 
outer surface. Tlio odour is looblo and cedar-like ; it appears to bo 
developed only on keeping. Tlio taste is slightly acrid and devoid of 
bittcniess. 

Oum holai, liver-coloured, opaque masses, is sent in largo quantities to 
Bombay It contains an acid rosin and a saponin and is U'jod for washing 
tho hair. 

OLIBAKUn. Frankincense 

Soutcea. Oblianum or frankinconso (to l>o carefully distingulshocl from 
American frankincense) is a gum-resm obtained from Rom-ellia Carterii 
Birdwood, and possibly other species of Dom'elUa, family Bursorncoto. 

Collection, Those plants are small trees that grow in southom Arabia 
and in Somaliland, near tho coast. Like tho trees that yiidd mjTrh, thw 
contain schitogenous ducts in tlio bark, in which an olco-rcsin is-socroted. 
Tho Somalis incise the hark and collect the pim-rosfn ns soon ns it has 
sufficiently dried. Tho drug is convoyed to Aden, sorted, and exported to 
Europe. 

Description, Olibanum occurs In small tears varj'ing from 0-5 to 3 ein, 
in length and usually ovoUl, poor-sliaped, or club-8hapc<l, but somotimos 
Btalactitic in form, occasionally agglutinntcil into small masses. They ore 
usually of a pale yellowish colour, frequently with a greenish, bluish, or 
reddish tinge, scmi-trnnfilucent and coverwi with a dull wliito dust, tho 
surface of tho tear being dull oven oftor tlio dust has boon removed. They 
are brittle, and internally are opalescent and translucent, tho fracturctl 
surface being dull and waxy. Tlio <lrug has a fragrant, balsamic odour 
and an aromotic, slightly bitter tnsto, and softens to a plastic maBS when 
chewed. Triturated with wator it yields a whitidi emulsion. 

Constitnents, Olibanum consists principally of resin (GO to 70 por cent .), 
gum (27 to 35 per cent.), and volatilo oil (6 to 7 per cent.). 

Tlicso constituents have been further investigated, with tho following 


results (Halboy, 1898) ; 

/ Boswollic acid, freo . . 33-0 x>or cent. 

„ „ combined . 1’5 „ 

Soluble in alcohol, • Ohbanorcseno . . . 33 0 „ 

72 per cent. Volatile oil .... 7'0 „ 

\ Bitter principle . . . 0-5 „ 

f Qum (arable acid with Ca and 

Slg) .... 20-0 ,, 

Bassorin . . . .00 „ 

Vegetable debris . , . 2-0 „ 


Tlio volatilo oil is yellowish and fragrant ; it contains pineno, diponteno, 
and phellandrene, but tho aromatic constituent is not yet known. 

Uses. Olibanum is used chiefly in the manufacturo of inconso and as an 
ingredient in plasters and fumigating pastilles. 
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AMMOKIACUM- Anmomacum 

Sources. Ammoaiaoma ia a gam-Tasm esudecl from tho flowering and 
fruiting Etera of Dorhna amnoimcum, D. Don, family TJmboUifene, and 
probably ofber a{>ec/es, distributed throughout Persia and extending into 
southern Siberia. The drug w coUoctcd chiefly in central Persia. 

OoUccUon. The stonw of tho ammoniacvun plants contom, especially ia 
the cortex, numerous, large, schttogotioua ^cts full of a milky secretion. 
In the Bummer, when t)io plant w fruiting, it- is visited by luonbera of 
beetles, which pvmctuns tho stem and cause an abundant exudation of the 
secretion in tiio forro of milky drops, some of which harden on the stem, 
whilst othcre <lrop on to tJia gronni It is collected, sorted, and exported 
from the Persian Gulf ports. 

Description. Ammoniacum occurs in commerce in two forms—vL*. tear 
ammonweuw and lump amtnoHiacum 

Tile UaT» are small, roundotl or nodular masses varj-ing mualiy from 
0-5 to 3 cm. m diameter. ^Vhen f«wh they aro of irpale, dull yellow colour, 
which, howo\*or, darkens by keepmg They are hard and brittle when 
cold, but soften when warmed. Internally the tears are opaquo, and vary 
m colour from milky 'White to pale browiush-yeUow, the freshly fracturwl 
Butfaco having a waxy fustro. Tho drug iia? a chnractortstio but not 
sdliaccQus odour, and a bitter, oend taste Triturated with water it forms a 
white omubion, which h coloureil deep orango-red by a solution of 
cWontiatod soda, yellow by solution of potash, and, transiently, faintly 
violet by feme chloride, owing to tho prcscnco of traces of free sallcyllo 
acid 

Lump ammoniaeuin consists of a^Juttnated, whitwh, j*cllow«h*gfoy or 
blui8h*gtey tears, mixed with vaiymg riuantilics of extraneous substances, 
auclx as stones, dirt, stems and other debris of tho plant and occasionally 
the broad, flat mcricariis of Hio fruit, the preseneo of ivhicli indieatos the 
time at which tho drug was coUecteiL Tho substance of the tears agrees 
with tho descrvidion of tho tears alrcatly giwn. Gooil quahtios consist of 
tjNirs varj'iiiB m size from a pea to a iiazohnut or ovon larger, with a httia 
intervening tlark-coloured groiuul eubstanco, and but few pieces of stein, 
fnuts, etc Intermediate forma composed of more or less agglutinated 
tears also occur, 

Coastitoente. Anunoniocura consists of volatile oil (O' I to I 0 per cout.), 
ream (about 65 to 10 ixsr cent.), gum (about 20 per cent.), moiatnro (2 to 
12 percent ), «a}i (l jxsr cent >, and msolublo rostduo (3-5 jwr cent ). 

The resin contama about 20 per cent, of rcacno and an ©ater composed of 
ammorcsinotannol combined with snlicyUc acid (Luz, 1893). Gaspans 
(}(f24), JioiFei'-cj', fln<{s tJie mam constituent to Iw a phenohe resin, aroxao- 
resmol, winch was obtained m colourless crj'Btals, ra p. 110’, anti la the 
cau-so of tho orange-red colour given with chlormateil Boda. Tho gum is 
allioti to gum Bcaeia. Both fjw and combined umbelhfcrono aro absent 
from anunonsftcum. 

The tirug contains also traces of freo salicylic acid. Good nuahtios 
yield about 3 per cent, of n*'h and 65 per cent, of ream 

Uses. iVmmomacum U astanulatit.ond, being oxcroted by tho bronchial 
mucous surfaces, stimulates and disinfects tiio secretion. It is iisc<l os a 
disinfectant expectorant in cHrome bronclnlH witli profuse di«chajg(<, 
and in plastem as a stiinulasit to tho skm. 

Substitute. PerBian atmnoniacum is dlstinguishod from African 
anunoaiociim, said to bo obtained in AInca from J-Vnila cornntunis Linn., 
vnr. breri/olio, by the oraugo-redcolout it yicUUwith solution of chlormateil 
wkI«, and oUi by yielding a n<^tiVD resutl with tho testa for umbohiferone. 
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GALBANUM. Galbanum 

SourcCi etc. Galbanum la a gum-resm obtained from Ferula galbaniflua 
Boisfiior and Buhtjo, family Umbollifcrte, and probably from other species 
of Ferula. 

These plants are, likb those yielding ntnmoniacum, large umbelliferous 



Fiq. 103. Transverse section through a |K>rtion of the stem of Ferula 
galbaniflua, showing tho distribution and structure of the gum-restn 
ducts, e, epidermis ; c, collenehytno , w, gum-resin ducts ; fi, wood ; 
mb, bundles in pith ; magnified. (Tschirch.) 

plants indigenous to and widely distributed over Persia. Two varieties 
at least of the drug are well recognised — viz. Persian, which is soft and 
contains fruit and stalks ; and Levant, which is dried and contains slices 
of the root, seldom fruit or stalks. The latter is the variety at present 
usually mot with. 

Collection. Like the ammoniacum plants, the galbanum plants contain, 
especially in the cortical portion of the stem and root, nmnerous schizo* 
gonous ducts that secrete a milky gum^resinous fluid. 



OALBAyVM 


43fl 


Tart of t}to ilrug h appnmj^ly obtoi'ned natiiml cx\idat5on from tl«> 
R{pm, but part h CcrtninJy proUiiwl l^* laying ban* t{(o root, -cnUhig tho 
stem oft near tbe crou-n, anU eoffecting tlie- juifie that exudes and hsrtiens, 
8iicce«sivo slice? of root being removed at mtcrx-al? of several days. Tho 
former proceilUTC would pro^bly jneld tlio tears that ore found in coni' 
mercinl gaibatium. irhil«t the slieca of root found in tJi& ifrug indicate the 
latter tcvcHjckI os tfie one by ’sbich most of tho drug is obtained. It is 
ex^Xirted cluvfly from the Pefsiaii Guff jiorts. 

Desciiptiojs. Ttara of galbanum oro rounded or irregular it\ form, ami 
about 0-5 to J-0 cm in tlmmoter. Extemnlly they are ycUowjslx.btovm or 
omjjge'bronn in colour, and often rough attd dirty. Thej* are so soft that 
they can usually be wjucezc^l flat botueoii tlto finger and thunxb, bpcotniiig 
ductile oiul sticky. They break cosily with a granular, in-egufar fraetutc, 
and ore opaque, yelloiM-h, nud aott luterually Sometimes the tears oro 
more or loss Itnu'ibicent and of n bluwh-gceen colour, 

Galbamini occurs also lu Itimp*, uhioh consist of yeSlomsh or bhJish-gi<H‘n 
or bromiisb tears enibe<lde<l in a 1oTu\nii''b inftsa and imxeil with slices of 
root and \Tirious foreign siibitanco’i. 

Tliin iMinwrso slicc'^ of the roiit arc common^' found tmxe<l with 
ecmmercinl galbanutn , they am nsuaUj about 2 or 3 cm. in diarftetoc anti 
/refpK'iitiy ^'nr on one «Kf<- the driwl accivtioii rlcrived from fJw fto^hly 
cut RUrfftCe. Wmpwl meneaiiM of the (nnls am abo frequently present 
Tlie dmg has a cluimcteristie, not exactly unpleasant, aromatic odour. 
Mild n rather di>agjvenhle. aromatic, and hitti'r taste. Ati olcoJiohc 
tiiicture isiunxl into nlcuhohe mdution of ammonia yichU a brilliant hint* 
fltioftHcencc, i«<hc«tieig (he pr«*«efic<' of frci* iimlK’lhfcmne. 

Constihietits. Oalbanum coupretp, opart from cMrouwtw sub^td-ncofi, 
of volatile od lahouc G to 10 jvr rent ), t\*Hin (about CO ix'r cent ) ond gxun 
piliout 20 per cent I, the resnUie being iiiAdo up of iiiorgatiic matter {nlxiiit 
2 f«ef cent , sometuTu-s much motv) and moiiturv* (from I to 10 i>cr cent.h 
'Hin n~MH, hoihxl «««h sohition of iwta«.«tum hjilroside, yieWeif 
grtlban-siiiotiiunol and umbefhc <<lioxycinnamie) ncitl , the fattor^ how* 
ever, is not 0011 ( 01111 x 1 m tfw* «(n»g itwlf, hut »i fonneil from umU-IliferoiM*, 
the niihjilnde of utnlieniC acid, which is first split off from tVie rexui and 
then couierted uilo uintieUit acid The pdbaresiiiotnnnel i\as oblomeil 
iH a brown jxurihT , pnilwhly >» m moj rontai/inl m the /}n>g but fomictl 
from other eonslnuenta by iJm- action of the jjMtax'uum hjdmxide. 

flood qualifies of (he dnig shoufd yield nhoutdO c<*nt, of Kiihntances 
lusolvihlc in nlcohol, alsiut 10 jvr cent. <*l rnoi-«t tire, and give on ineineration 
not more than nUntl " pT cent of ««h. 

Utdlvumin is iis«l chiefly as n siimuhuit in |j5a.«cterx. 

ASAFErrZDA 

Eoorccs. AsMeljd .1 ix an olro-fpiiii-rcain obtained Irvm the root of 
ytrvhi fitliila Regcl, F mhntww/i* HoLssIcr, family UnihcHifera?, and 
pmbahiy other Bj>ocies T/ie«e arc i.-«rgo umfK-lIifcrotLS pi.ints growing 
in cnitcni I'ersw and western Afghnnutan 

CoUecUem. in u<e cortex yf aie»n. and aU<, tu tlie root, them Afo 
numi-roxis laip-. M-hifcojmM.u.. dticls fdWsl with a whitish cxun-ri-iaous 

1 imil'iou 

llie plant is n hityi' hetlxioexius. numrceious which diVet/rt** 

B tsbiMinv focu After niswt fit f, jear*. when tlie rt«it Uim stoT.sl sufKcicnt 
r^rves »nd i« aliom 12 to iGcm thick at the ervun. it ihr<ia-« up a largo 
flowetmc strtu |<> rJH if.wk and 2 5 u» 3 metn-H Uigh Alxuit the 

etui of Jlarrh. jii-r Imdorr' il»« plAnt is Aleut U* fimsrr. (h»- « }wrt of th«f 



434 


-ItESINS, GUM^RESINS, OLEO’RESINS 


root js laid bare and tho atem cut ofl clobc to tho Tlie exudation 

flows from tho cut sxirfaco nnd» while it is liartloning, is protected by a 
domo-liko covcimg of sticks and leaves. A few weeks later tho hardened 
gun^-resin is scraped off, a slice of the root cut off, and tho juice again 
allowed to exudo, this process bomg repeated several times with inter\’als 
of about ten days. 

Herat and Kandahar are tho centres of the asafetida trade. The drug 
is exported from Bunder Abbas and otlier |>orts on tho Persian Gulf, 



Fig. 194 Preparation and collection of Asafetida, from “ Arocemtatum 
exoticarum,” by E. Kaempfer, 1712. This old wood-cut still correctly 
illustrates all the essential details of the collection of Asafetida. 


partly also from Bombay, mostly in large tin-lineil cases, but a small 
quantity arrives as a pasty mass in tms or hides. 

Description. Asafetida occurs in three forms, vjz. : paste, tear 
and mass (block or lump). Paste and tear are the purer forms, but 
the bulk of tho drug is mass. 

The tears, some of which are separate, some more or less agglutinated 
together, are rounded or flattened, and vary from 0-5 to 4 cm. in 

diameter. They are ■’ 'colour; 

some darken on keej . ' ' d othom 

retain their original . . ‘ ■ ariety is 
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derived from F. falida, the white from F. rubricaulis (Small, 1913). 

fresh they are usually tough at ordinary temperatures, becoming 
harder when cooled and softer when warmed. Internally they may be 
yellowish or milhy-white, translucent or opaque ; the freshly exposed 
surface may gradually pass through a very characteristic change of 
colour, becoming first pmk, then red, and finally reddish-brown (F. 
faltda), or may remain nearly white {F. mbricauhs). The drug has an 
intense, penetrating, persistent, alliaceous odour, and a bitter, acrid, 
alliaceous taste. 

ila^s asafeiida consists of the tears agglutinated into a more or 



Fio 103. Show of asafetida at London Pock, {GrocnI'Jh). 


less uniform mass and mixed with varying quantities of extraneous 
substances such ns stones, slices of the root, earthy matter, calcium 
carbonate, calcium sulphate, etc. ; it is generally much inferior to 
the tears. 

Constituents. Asafetida coasists principally of volatile oil, resin, 
and gum. 

Good samples yield from 10 to 17 per cent, of volatile oil, from 
40 to 04 per cent, of resin, about 23 per cent, of gum, and 1-5 to JO per 
cent, of ash. TIio amount of mineral matter in mass asafetida may 
rise to CO per cent., or exceptionally even moro ; fine (ears m.av contain 
ns little as l-S per cent. 

Investigations by Baumann (1029) Imvo slio\ni that iilwiit 50 per 
cent, of the rc-tin consists of reiene and volatile oil. Part of the reicne, 
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Rsaresen© A, was obtained crystalline- The drug also contains about 
1*3 per cent, of free ferulic acid and about 10 per cent, of a very 
unstable ester of ferulic acid wth asaresinol. The latter is of phenolic 
nature, and is rapidly coloured red and subsequently brown on 
exposure to air and light, and is the source of the red coloration of the 
drug. 

The volatile oil contains pinene together vith various disulphides, 
CjHiiSa, CJ 1 H 20 S 2 * CjoHijSj, etc., the percentage of sulphur varying 
from 17 to 38. 

Although asafotida contains no free umbellifcrone, a fact which 
distinguishes it from galbanum, it easily yields umbellifcrone when 
boiled with hydrochloric acid which acts upon the ferulic acid and 
resorcinol produced simultaneously from the resin. This reaction also 
distinguishes the drug from a spurious variety mot with in Bombay. 

From galbanum the tears of as.ifetida may also bo distinguished by 
the green colour the freshly fractured surface assumes when It is 
touched with nitric acid diluted with an equal volume of water, or by 
tho bright red or brownish-red colour with aulplmric acid, changing to 
violet when tho acid is washed olf with water. 

Uses. Asafetida is a powerful nervine stimulant, and is used in 
the nervous disorders of hysteria. It has also a well-marked Btimulant 
action on the bowel, and Is employed to expel flatulence and relievo 
constipation. Much of it is exported to tho Continent and also to 
tho United States, where it is used on the cattle ranches. 

OLEO'RESINS 

Tho drugs that arc grouped together under tho above heading are 
mixtures of resins vith volatile oils or oily liquids. They aro secreted 
in Bchizogonous or sciiizolysigenous ducts which may be of either 
normal ((>nada turpentine, copaiba) or patliological (balsam of Peru, 
atorax] origin. 

All of tho constituents may vary considerably in tlieir composition. 
Those oleo-resins which contain benzoic or cinnamic acid are frequently 
termed “ balsams ” 

' CANADA TUBFENTIKE. Canada Balsam, Terebinthina Canadensis 

Sources. Canada turpentine is an oleo-rcsin obtained by incision from 


has long Deen Known, is coiiccieu ni i»nei ui 

province of Quebec. 

Collection. The tree contains schizogenous oleo-resm ducts, which are 
icstricted to tho bork, none occurring normally in tho wood. In addition, 
however, to these secretion dncls, cavities aro formed wliich fill witli 
oloo-rosin and produce blistois on the smooth trunk of tho tree. From 
these blisters the oleo-resin is obtained bj' punctuimg tliem with the 
pointed spout of a can which serves to receive the turpentine. 

Description. Canada turpentino is a clear, transparent liquid about a^i 
viscid as honey, an<l of a palo yellow or greenish-yellow colour, often 
exhibiting a slight greenish fluorescence. By kec}>mg it becomes more 
viscid, and finally it gradually dues to a hanl resin which lemaiiis 
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transparent ami shows little <T»spOTHi<Mi to crj'stalliso, a quality that 
rernlcrs it particularly valuable for cementing optical lenses ami as n 
metfium in which to preserve mictoscopicaj prepamtioiis It has an 
agreeable balsamic odour and a rather bitter and flcnd taste It is 
completely soliiblo in chloroform, bonzon©, :!Q'lene and ether, but only 
partially in alcohol. 

Constihtsnts. Canada tuqicntme consists approximately of 16 to 24 per 
cent, of volatile oil mixeil with from 70 to 80 per cent, of resm. 

Tlie volatile oil consists chiefly of f*pmcno. 

Of the resm about 20 pot cent, is compelled of an indifferent rosene, 
canado-rcsone, which is xemarkahky for ita insolubility in alcohol. ^A, 
further 20 per cent of the resin la amorphous canadinio acid Tho 
remaining GO per cent, consists of two amorphous resm acids, «• and 
^-canadinoUo acids, associateil with 0 5 pet cent of crystalhno canadohe 
acid. 

The bitter principle, which is insoluble in water, lias not yet been 
isolated. 

Uses, Canada turpentine is o.vt«ns>vely used as a roicroscopio mountant. 
For this puipose tho resm, obtained by lieatuig tho turpentine until the 
volatile oil is driven off, is dissolved in xyleno, or some other suitable 
solvent. It IS also used for cemontmg ionscs. 

COFAIBA. Copaiva, Balsam of Copaiba 
Soarcts. Copaiba is an oleo-rcsin obtained from the trunk of 
Copoifera Lansdorfii Desfontainw, family Lcguminosre, and other 
species of Copaifera 

The trees from which the o!eo*resin is obtained aro large trees 
indigenoBS to Braail and the north of South America The drug, 
which Was highly esteemed by tho natives of Brazil, and had probably 
long be^n used by them as a mecUcino, tvas mtroduced mto Europe 
about the beginning of tho seventeenth century. 

Collection. Tlic olco-rosm is contained m anastomosing, echtzogenoua 
secrotion ducts that fonn ait extensive network m eacii zone of tho 
aoeondaty wood of both stem ond root, extending throughout tho entire 
length of tho zone. These ducts are formed m the j’oung wood and rapidly 
attain their normal diameter, which is often very considerable : at the 
level of the uisortion of tlio branches a number of lateral ducts connect 
zone with zone. In addition to those eohizogcnous ducts lysigonous 
cavities also appear to bo fonned by tJie breaking down of tho coll walls 
and their probable transformation into resinous or oleo-resuiops substances. 

The oleo-resin isi collected by cuttmg in tJio trunk of the tree near the 
base a cavity sloping inwards and downwards, and penetrating to the 
centre of the trunk, resembling the ” box ” made m tho trunk of the 
turpentine trees. Into this cavity the oleo-resin is discharged } it is 
transferred to barrels and other vessels for exportation. 

Tlio largo size of tho Sccrotion ducts and Ij’Sigonous cavities, and their 
extensive distribution m each zone of wood Siroughout tho ontiro length 
of the tree, render tho araouni of oleo-rcsin that may bo secreted by each 
tree vet^’ considerable. Even as much as 48 htrea are said to have been 
obtained from a single tree, others again yiehling but little. 

The drug is exportctl from tho seaporta on tho northern coast of South 
America — ^viz. Para, Maranluim, Maracaibo. Bahia, Cartagena, otc , these 
towns givniig their names to tho cinnniorcia] vanoties of tho drug. As these 
differ in the percentage of volatile oil and of rosm, and in tho composition 
of tlio latter, tho follow mg typical conuncroial varieties may bo doseribed. 



43S 


IlESINS, OUM-nBSINS, OLEO-RESINS 


Maracaibo CorAUiA 

Description. Maracaibo copaiba is a clear, viscous, bro^vnisli* 
yellow fluid with a slight but distinct green fluorescence. It possesses 
a characteristic aromatic odour and an unpleasant, acrid and rather 
bitter taste. It is miscible in all proportions '^vith chloroform, carbon 
disulphide, and benzene, and also Avith an equal volume of petroleum 
spirit, but uith larger proportions of tho latter a slight precipitation 
takes place ; uith absolute alcohol it behaves similarly. Tho specific 
g^a^ity varies from 0-980 to 0-999, or oven slightly higher. Tho 
proportion of volatilo oil varies from about 35 to 60 per cent. 

Constituents. Maracaibo copaiba consists of a mixture of resin 
and volatilo oil with which traces of a bitter principle and fluorescent 
substance are associated. 

Tho volatilo oil is invariably Ifievorolatory, the rotation in 100 mm. 
tube varying from — 7“ to — 36**, usually, however, it does not 
exceed — 25® ; its specific gravity varies from 0-896 to 0-910 and its 
boiling'point from 250® to 276® ; U docs not respond to the test for 
gurjun balsam (sco below). 

Tho resin contains a small proportion of copaivic acid (removed 
by ammonium carbonate from ethereal solution), but consists chiefly 
of P-metacopaivic acid (extracted by sodium carbonate after removal 
of tho copaivic acid) ; with these there is associated a small quantity 
of two indifferent copaibo-rcaencs and of crystalline illurinio acid 
(compare African copaiba). 

Tlio bitter principle and fluorescent substance have not yet been 
obtained in a pure state. 

Uses. Tho active principles of copaiba are absorbed into the blood, 
tho volatile oil, at least, being excreted by the kidneys, bronchi, and 
skin ; hence copaiba produces along tho whole genito-urinary tract, 
as well ns in the bronchi, a stimulant and disinfectant action, increasing 
the mucous secretion and exciting o^)eetoration. It is now chiefly 
employed in inflammatory affections of tho bladder and urethra, and 
occasionally in clironic hroncliitis. Tho resin is inert or nearly so. 

Paba Copaida 

Description. Para copaiba is a tlrin, clear, bright yellow liquid, quit© 
free from any fluorescence. Tho specific gravity varies from 0-917 to 0-980, 
but is usually low. In accordance with tho greater fluidity of this variety 
* ' • ’ i* * ' ' 1 55 to 90 per cent. In 

I * * . variety. 

■ . ■ . ■ . ^ . • ally of volatile oil and 

resin. Tlio resm consists of amorphous resin-acids associated with 
crystalline paracopaivic acid (2 per cent.), homoparacopaivio acid, and two 
resencs. Tho volatilo oil appears to bo identical with that of Jfaracaibo 
copaiba, but the resins aro certamly not. 

Afbioan Copatha 

African copaiba, the botanical source of wliich is not known, is imported 
from the Niger basin in West Africa. It is a rather dark yoUow, slightly 
fluorescent oleo-resin possessing an aromatic, piperacoous odour and 
frequently depositing crystals on staniUng. The specific cravity varies 
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from 0-085 to I'OOO. It '' f VoIntiJo oil (vin^ 

60 per ecn 

doQStUa ■. .. ' • r . e^aontially from 

the oU of ...... iiiueijcau coi-aviba )n bemg rtextTorotntoty, tlifr rotation 

in 100 mm. lubo being about 10'’ 21'. 

Tho crystalline dt-Tiosit eon^uita of iKurinic acul ulenticnl with that 
obtalnwl fromMarncai^ eopaibo. Tlio remniniii't of tho resm consists of 
amorphous rcaiu-acJils, flttorcaccul BuhstBn<!c, etc. 

AnutTunAHTs or CorAiuA 

Tiio following nrv tho chic! mlultomnts anil tho moans of ilrtt-fto"; 
them. 

Fir*'* •• • ■ 

tio * ■ . . •■ 

or ■ mini ftiul brittle. 

Th ^ .V. uv lukou oil con olso bo «lotcclc«l by a higli ester %'ahjo ; 

copaibft resin ‘ • * lin-ocuU anil luis n very low 

ester valod • ■ . * 100). 

I’ola/ih «•■■■'•. 

» 

. " • . ■ - too >, 'A'jio 

I . « uoxtrorotalcry oil would iiuhcnto t)irt 

presence of African copaiba, 

Coiophent; 

them . • 


• • .. 15 c c. of 05 Tier cent. 

I ..,„>Mvs» ouu cooled should not 8)>parato oily drops fof 

porafRn oil). 

Ourjuti baUam, an eleo-reein obtaincil by incision from tho trunk of 
DipCefocarpu« furbinaius Oftortnof, family Diptetoearpaowj, nnd otlirr 
species, largo trees indigenous to eastern India and Burma, is iweiJ both 
as a medicine and for technical purposes. It somewhat rcsemblus copaiba 
in oilour and taste, but is usually darker in colour and fluorescent. It 
contains from 40 to 80 per cent, of volatile oil together ' i 

acid tcBins, and has therefor** • 

Its presence in copaiba may 
of 5 tmh of glacial acetic ar 
redt'!®^ ' 

di«s( 

nr.^ -4 

. ^ nan tv mom valuable 

t lu uoiect. 


BALSAM OF TOLtl. Balsamuoi Tolutasum 
Sources. Balsam of Tolu is a balaom obtained bj* making incisions 
m the trunk of jlfi/roxpfon Ttiuijentm Humboldt, BonpJand, and 
Kimtb, family Le^minos®. The tree is a native of Colombia, and 
occura plentifully in the fonats near tho nver Magdalena 
tributary the Cauca, and. also w 
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Collection. Schizogonous ducts nro prcicnt in the cortex of the young 
twigs, but nro thrown oft a« tho tree g«»tK oI(!pr. There nro no Boerctorj* 
structures m tJio bnric of tlio Inink, but ducts nro probably formed in tho 
young wood nfter nn injurj’. Bnlsnm of Tolu is therefore n pnthologicol 
l)ro<luct. 

To obtnin tlio balsam, n notch is cut in tb«* bark so ns to lenvo n V-slmpod 
tongue of bark projecting do\n»wnrds in the centre <»f tbo injnrj’. A smnll 
gounl or similar vchs( 4 is nttncberl by jxisbing its rdgn tinder tlio point of 
tho V nnd sert'cs to collect the tmnspnient lluid wliich exudes from tbo 
uound. Mnny sucli incisions nn\ made into the trunk nnd gounls nttnelieil. 
Tho liquid balsam is tmnsfemsl from tlie gounls to skins and is carritsl to 
tlie coast tthere it is jiut into tms in ifmUness for shijiment from the jwrts 
of Savamlla nnd Cnrtbngonn. 

Description. Ilalsam of Tolu ulien freslih' imported is n soft, 
tenacious, yellowish-brown, resinous nmss, which tnkes tlie form of tho 
vessel in which it is kept. By keeping, it grtidually hardens to a 
brownish nnd, especially in cold weatlier, brittle and easily powdered 
mass wliich, liowcvcr, rcadil3' softens when warmed. It has nn agree- 
able, fragrant, tliough not powerful odour, nnd nn acidulous balsamic 
taste, nnd adheres to tfio teeth when chewed. A small piece warmed 
and pressed into a thin film lietueen two gla.ss slides e.xhibits, when 
examined tho microscojK*, colourless crj'sfals (of cinnamic acid) 
embedded in a transparent mass. 

It is easily* soluble in alcohol, acetone, nnd chloroform, but onlj* 
Iiartially eoluhlo in carbon disulphide. Tho solution obtained bj' 
gently warming tho balsam with carbon (Ilsulphido leaves when 
evaporated about 25 per cent, of cr^’stnlline residue consisting chiefly 
of cinnamic and benzoic acids. Cocking and Kettle (1018) found nn 
average of about 30 per cent, of total balsamic acULs, free and combined, 
of wliich about 8 per cent, was free benzoic and I2'8 free cinnamic acid, 
7 per cent, combined benzole, and 8 jier cent, combined cinnamic acid. 

Constituents. Tolu balsam contains nl>out 7*5 per cent, of an oily 
liquid (consisting of benz^d licnzoato with a little benzyl cinnamate), 
traces of vaiulUn, free aromatic acids, principally’ cinnamic, nnd resin. 
The resin, amounting to about 80 per cent, of tho drug, ydclded by’ 
saponification nn alcohol (tolurosinotannol), and cinnamic acid, 
associated -nith benzoic acid. 

Distilled with water good, fresh balsam of Tolu ydelds from 1’6 to 
3*0 per cent, of a very fragrant volatile oil containing toluene, styTol, 
and free benzoic nnd cinnamic acids ; it should yield not more than 
4 per cent, insoluble in nlcoliol, 00 per cent. 

Uses. Tolu balsam is used chiefly’ as a plca.snnt ingredient in cough 
mixtures It po.ssesses antiseptic properties due to tlie cinnamic nnd 
benzoic acids contained in it. 

Adulterants. Tho chief acluUornuts of balsam of Tolu nro colophony 
and balsam that has previously' been used in making syrup of Tolu nnd 


Colophony may bo detocte<l bj' exhausting tho balsam with carbon 
disulphide and cvaporatuig tho filtered solution. Pure balsam gives about 
25 per cent, of ciystalliuo lesiduo ; if colophony i*- present the lesiduo is 
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resinous and gives with eoncentmtcd sulpawio acid a green colour ; a 
petroleum spirit extract of the residue shakA with an equal volume of a 
0 1 per cent, eolation of cuprio acetate assumes a bright green colour if 
colophony ie present. 

Exhaustefd balsam may be detected by the deficient amount of substances 
soluble in carbon disulphide and oi balsamic acids. 

BAI5AM OP PERU. Balsamum Pmxviamua 
Sources. Balsam of Peru is a balsam exuded from the trunk of 
Slyroxijlon Pereira: (Royle) Klotsch , family Leguminosie, after the bark 
has been beaten and scorched. 

The tree growe in the forests of that part of San Salvador (Central 
America), near the Pacific Ocean, known aa the Balsam Coast, and 
probably also in other parts of Central America, as, for instance, 
in Honduras (Dietcrich), the drug having received the name “ Peru- 
vian " from the fact that it was originally sent from San Salvador to 
Callao, the port of luma, and thence to Spam 
Conection. Ducts are present m tho bark of the young twigs, but these 
are thTO^vn off quit© early an<l tlio trunk of tho tree containn no ducts at 
aJf, Ro that tlio balsam is a pathological product. The bark of the trunk 
is beaten with a club or fh© hAncll© of an exo or o stone over on area of 
about 30 X IS cm. so as to remove the corky layer and wound tho innei 
tissues. As a result tlwcls are fonned and, after about five days, a secretion 
of balsam takes place and is soaketl up by rags which are pushed under 
pieces of the bark raiso<l by making incisions and lifting them up After 
about a week the woundctl area is scorched by torches and a foxv days later 
an abundant flow of balsam takes place «n<l is absorbed by the rags. Tho 
exhausted bark is finally rcmovcti and tho exposed young wood is similarly 
treftlwl, tho flow ceasing in about six weeks from the etart. Fresh areas of 
bark, higlier up on tho tree, ato tlien beaton and worched. The collected 
rags aro put into strong rope bags ontl pressed by twisting tho ends of tho 
bags, the balsam being allowed to (all into hot water, whoro it smks to tho 
bottom ; tho water and impurities which float are then decantetf. 

Tho bark eventually removed is also boiled with water anti tho balsam 
so Roparatetl is mixed with tho main exudation. Tho proiluct is filled into 
tin MDi'stera witli screw oi>enmg«. lioldmg about 27 kilos each, ami is 
conveyed on mull's to Acajutla anti Belize, whence it is cxportetl chiefly 
to New York and Ifaraburg. 

Description. Balsam of Peru is a mthers'jscid, ody liquid, resembling 
m appearance common black treacle ; it appeara black in bulk, but in 
tliin layers it ia dark reddisb-brottn and tranajiarent. It has a 
fragrant, ba]«.imic txlowr, and altfiougli it has no marked tasto it 
causes, when swaDoned, n bunoing serwation in the throat. 

Balsam of Peru is heavier than water, iti specific gravity varying 
within narrow limits — viz. from 1*137 to I'lfiS, being ««ua}ly between 
I*l40 and 1 '158, and this forms a valuable means by which adiiUcrat ion 
can be detected, for many liquids that might 1)0 used for that purpose 
aro lighter than wafer, and •nould appreciably depre“» tho gmrity. 
It li soluble in chloroform, ontl also in on equal volume of DO per cent, 
alcohol, but with a larger proportion of tho latter tlie mixture becomes 
tuibid, Jt. practic.si}y iiuoluldo in water, whicJj removes from it a 
liltk cinnamic acid. It is completely wilublc m aoUition of chloral 
hjilrate (fiO jicr cetU. w/w,). 
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Its physical characters are so ■well marked, especially the odour and 
taste, that the drug is eaBj^^'to recognise, but the detection of adultera- 
tion, especially with inferior qualities of the drug, which appears to 
be more or less regularly practised, is a more difficult problem. 

Constituents. Balsam of Peru consists essentially of an oily fluid 
portion mixed wth a dark resin. The fluid portion (cinnamoin) 
constitutes from 66 to 96 per cent, of the drug, and consists of benzyl 
benzoate and benzyl cinnamate in the proportion of about three of the 
former to tw’o of the latter, although this varies. Both esters are 
colourless, crystalline aromatic bodies which readily liquefy on heating. 
The resinous portion, amounting to about 28 per cent., appears to 
consist of esters of cinnamic and benzoic acids, but of the nature of the 
alcohol with which these are combined nothing defim'te is known. 
The drug also contains an alcohol, peniviol {= nerolidol), which has 
a sweet odour and taste, traces of vanillin, and free cinnamic acid. 

Uses. Balsam of Peru is used internally as an antiseptic and 
expectorant i applied externally, it acts as an antiseptic and 
parasiticide, especially in scabies. It is used in the preparation of 
Tulle Gras. 

Adulterants. Balsam of Pern is, from its nature and high price, liable to 
adulteration, chiefly with such liquids as alcohol, fixed oils, turpentine, 
copaiba, gurjun balsam, and the like. Any such admixture lowers the 
specific gravity, and can generally be detected by this means. Alcohol 
can be removed from the balsam by shaking it witli water, which with the 
genuine drug should cause no appreciable diminution in volume. The 
presence of copaiba and of gurjun balsam can bo detected by taking 
advantage of the insolubility of the resin of balsam of Peru in carbon 
di9ul;^ide. One part of carbon disulphide makes a clear mixture with 
3 parts of balsam of Peru, but on the further addition of 9 parts of carbon 

. . . , . non-fluorescent 

. ^Tn oil, and this 

' balsam of Peru, 

e.g., of benzaldohyde or of turpentine. Dimetliylphthalate may be iletected 
by heating 1 drop of the balsam witli O-l of resorcin and 10 drops of 

’ ■ ' ... • . • •• ' ’ jji fluorescein is formed^ 

Xed oils are detected by 

■ lo by mixing synthetic- 

th storax, benzoin, and 
. from that of genuine 

balsam. 

STORAX 

Sources. Storax is a balsam obtained from the trunk of Liquid- 
atnbar orie.nta,lis IVIiller, family Hamaraelidace®, a tree of medium size 
forming forests in the south-west of Asiatic Turkey. 

Collection. Neither the bark nor the wood of the tree possesses the 
agreeable odour of storax, and under normal conditions this substance is not 
produced in any part of the plant. In the early summer, incisions are 
made or the bark is beaten, but not so vigorously as to kill it ; a formation 
of storax takes place, and the balsam soaks into the wounded bark, which 
IS stripped oS in the autumn. From the bark thus saturated the balsam 
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is obtaiiicd by pressing it, tJte residue being subsequently mixed with 
boding water (or boiled with water) and again pressed. The liquid balsam 
thus obtained (onns the storax of commerce, whilst the pressed bark was 
{ormerly an article of commerce, under the name of Cortex Tlijmiamatis. 
The latter, coarsely ground and mixed with gtorax, was formerly known as 
“ Styrax calamitus.” 

Although the bark of the ti-ee contains secretion ducts these do not take 
part in the production of storax, whicli ts secreted in schizogenous duets 
in the young wo<kI ; these, by the breaking down of intervening tissue, 
form schizolygigenous cavities from which the balsam exudes into the 
wounded bark. The secretion is therefore purely pathological : it is 
- produced in the young wood, eubsoquontly finding its way into the bark, 
with which it is remowd whert the latter 19 stripped oft. 

Description. Crude storax Is a greyish, somi-fitiid, viscid substance 
with an agreeable, aromatic, balsamic odour and a sharp, pungent 
taste. I6 is rather heavier than water, and contains usually vegetable 
debris, amongst which nutneroua sclerenchymstous fibres may be 
found. By drying it loses about 15 to 2G per cent, of water. 

The crude is purified by dissolving it in three or four timw its 
volume of hot alcohol, filtering, and removing the alcohol by gentle 
eT^poration, care being taken to lose as little of the volatile con- 
elituenU as possible. From 13 to 18 per cent, of the crude storax is 
^oluble in alcohol, the residue cozisiating principally of vegetable 
ddbris associated with inorganic matter. According to Evers (1896) 
storax contains from 6 to 0 per cent, of a greyish substance insoluble 
in alcohol, probably a resin ester of cinnamic acid. 

Purified storax (Styrax) is a semi-transparent, yeUowish-brown, 
semi-Uquid balsam, entirely soluble in alcohol, ether, chloroform, and 
wrbon disulphide. It should contain not less than 30 per cent, of total 
babaraic acids. 

ConsUtnenls. Purified storax conafate of a resm mixed with an oily 
liquid. 

min 13 composed of storesinol, partly free, partly combined 
with emnamio acid. Storesinol is a white, odourless, amorphous 
which, however, forms a crystallino potassium compound. 

• liquid contains sfcyrol (phcnylothylenc, a colourless, aromalio 

uquid), ethyl cinnamato, phcnylpropyl cinnamato (odourless liquid), 
cmnamyi cinnamato {«= styracin, ^ourlesg crystals), vanillin, and 
free cinnamic acid. 

Tho approximate composition of storax, which, how'ever, varies 
considerably, may be seen from the fedlowing table ; 

Tree cmnamic acid . . . 17 to 23 per cent. 

Esters of cinnamic newt . . . S4 to 25 ,, 

'Vnter 14 to 21 

Bosin 30 „ 

grilled storax may contain ns mucli as 47 per cent, of emnamio 
ftcid (treo and combinwl), and is, in this respect, ono of tho richest 
drugs known. 

Siorax is a local and remote stimulant and antiseptic, 
rr^mbimg in tliRee respects balsam of Peru, bcnioin, etc. It is now 
tcldocD used. 
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Substitutes and Adulterants. Tim qimntitntivo c(iiri])OHition of ^tornx in 
HO vntiubln tlint itH purity enu witli difllciilty bo iiKcoitnitiod. 

Tlio acht vatuo nboulcl vary Iwitwcoa fiO niul 00 and tlio oHtor vnluo 
botvvoni) 100 aiul MU. Il Hitoiild contain not Iokh than 20 par coat, of 
total cimmmio acid. Ktoiax of good quality yields often from 2R to 30 per 
emit, of acid. 

Afuoli of tlm Htorax iinpotlml, oKjxiciidly /torn Tiittstu and MarKuilloH, 
Hinro 1007 was very (b'flciant in ciniiamio arid, tho jtorcmitago dropping to 
2 or 3, Huch balHain liad ajipamitly bean doprivod of Homo of itH most 
valimblo ooiiHtitumilH (particiiliiily citinatnyl alcohol and cinnamic acid), 
whioli worn in doinand for thojicrfiimoiy trade. 

Amorienn Htorax or Kweet gum is n tranHparciit, ynllowiHb, viHcmw liquid 
obtairu'd from L. elf/rticijltm Idnii. It ban been found to contain cinnamoin 
22'80 ])er eont., rowin cHtoJH 3 1'70 |H>r c<»nt., h'hui acidu 2*11 per cent., free 
cinnamic aci<l 12*03 pur ci'iit., total cinnamic acid 28-03 per cent. It Ims 
been rocommunded an a HubHtiluto for tbo TurkiNb. 


I 



CHAPTER XVU 

FIXED OILS, FATS AND WAXES 


FIXED OILS AND PATS 

Fixed oils and fata ate aubatancea of either vegetable or annual 
origin ; those that are fluid arc kno\m as oils, those that are solid as 
fats. They are lighter than and insoluble in water, greasy to the feel, 
leave a permanent translucent etam on paper and do not volatilise 
on exposure to the air. They are freely soluble in ether, chloroform and 
light petroleum, but are usually insoluble in alcohol, an important 
exception being castor oil which dissolves in 3'5 volumes of alcohol, 
90 per cent. Chemically oils and fats arc esters of glycerol which is 
combined with organic acids of high molecular weight, such as oleic, 
stearic, linoUc and ricinolic acids These esters are easily saponified 
by aqueous solutions of caustic alkalies, yielding glycerol and salts of 
the acids with the alkalies, which are termed soaps. 

OLIVE OIL. Oleum Olivte 

Source, etc. Olive oil is the oil expressed from the pericarp of the 
ripe fruit of the olive tree, Olea europ<sa Linn., family Oleacero. 

The olive tree is a small treo widely distributed by cultivation, 
especially in the countries bordering on the Mediterranean ; it has been 
introduced into America and is cultivated in California, where lar^e 
quantities of olive oil are now produced. It is also cultivated m 
southern Australia. 

PreparatioB. Tho fruit of tho ohvo w a dnijx*, about 2 to 3 cm. Jong, 
green white unripe, in wliieli conittlion it w picklrd for uso as a tnblo relisli. 
As tho fruits npon tlioj* chango colour from grecu to purplo ami tho 
lUrsocarp bocomos fillocl with oil. Tho fruits aro collectwl m tho winter 
and spring — December to April — luunlly by slinking ami Watiiig tJio trees. 

hen the olives fall oft on to slicots plncetl on t!»o groaml to rcceivo them i 
wiino aro colicctetl by ladders. Tho npo fruits nro sortnl out and nrn 
cniaheil m an «lge-ruiuicr mtU, having Btonrs BuITicietitJy licavj’ to crush 
the pulp, blit not to break tlioendocnrpoT atomvof the fruit. Tho cmsjicd 
fruits aro put uito coarso circular bags about CO cm in diameter nml tioil 
up : tho bags aro piled ono upon another «n<l «ubjecte<I to a mo<lerat«> 
prr«iurp, using in tho more rensoto districts ft wooden serow Jinnii-pross 
and in the larger factories ft stpet fcrew pres-s opomtKl meDhanicalty. Tlio 
crude oil run info tubs nnd mixed with water, uhich removes ralounng 
mntter ami other impurities, ami is aIlowe<t to stand till the od sejuimtcs, 
"hen it is skimmeil off nml fillerwl Hus jm'hLs the first (pwhty oil. known 
«•* “ vircui oil," which is the vnriely suitnbio for mrshcinnl U'it\ TJie mnre 
imm this njtcmiion h ground up, mixisl with hot water nnd ngnin prrs'icd, 
this time more ntronply, audyuddsaneraiid quality of oil. 

Tlie n“<idue stiU contains n httJe od which miiv lx.' nbiaimsl h> a thinl 
pfi-fcMiftp or Jiy cxlmctioii with rohimts : sucli oil k u-niani iw-il for soap* 
making, etc. Semet lines nil the fruits nre throw ii julo )iea{>t nml alloweil 
lr> femieiit ; on pressing, the whole of the oil is ohlniiiisi, hut it H of 
uiforioc <ni«hly, nnd is u«Mst pnn«<i})nlly fur teclmienl pur}v>~<“». 
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Descsription. lUedicinal olive oil— virgin oil — ^has a pale yellow or 
greenish-yellow colour, a slight characteristic odour, and a bland taste 
wthout rancidity. Its specific gravity varies from 0-915 to 0-918. It 
is liquid at ordinary temperatures, but when cooled to 10° it assumes 
a pasty consistence, from deposition of solid fats, and at 0° it becomes 
a nearly solid, granular mass. 

Constituents. Olivo oil consists chiefly of olein and a’little palmitin, 
together wth linolein and traces of arachin, the palmitin and arachin 
separating out in the solid form when the oil is cooled. By saponifica- 
tion these compounds yield respectively oleic, palmitic, Iinolic, and 
arachic (or arachidic) acids together %rith glycerol. 

Uses. Olive oil has nutritive and laxative projxjrtics. Applied 
externally it is emollient and soothing. 

Substitutes and Adulterants. Valuable indications of purity of olive oil 
aro to bo found in tho epecific gravity (0-015 to 0-918), tho iodino value 
(79 to 87), and refractive index (1-4605 to 1-4635 at 40®). Tho free acid 
present should not exceed 1 per cont., calculated ns oleic acid ; lower 
qualities may contain up to 6 per cent, of acid, and oils for technical 
purposes as much as 30 per cent. 

Cotton-soed oil, a frequent adulterant, is best detected by Halphen’s 
(Sevan’s) tost, which consists in warming 2 mils of tho oil mixed with 
1 mil of amylio alcohol and 1 mil of a 1 per cent, solution of sulphur in 
carbon disulphide for ten minutes in a water-bath, when no red colour 
should be developed (but this test fails to detect cotton-seed oil that has 
been heated to over 200°). 

Sosam4 oil is tested for by mixing 2 mils with 1 mil of hydrochlorio acid 
containing 1 per cent, of sucrose, shaking for half a minute, when tho 

- • - • • . crating the fatty 

* ch should not be 

. < • ■ 77° C., which is 


CASTOR OIL. Oleum Ricini i 

Source. The oil expressed from the seeds of Eicinus communis 
Linn., family Euphorbiaceao. See p. 188. 

Preparation. In some foclorios the oil is expressed from the entire 
seeds, but in (Others tho testas ore first removed. For this purpose tho 
seeds are sorted according to size and then cracked between spaced and 
grooved rollers, tho testas being fanned a^TOy by a current of air. The 
kernels aro then fed into the oil-press and are subjected at ordinary 
temperature to a pressure of 1 to 2 tons per sq. in. until the weight of tho 
expressed oil is about 30 per cent, of the weight of tho seeds. The oil is 
filtered, steamed to about 80® to 100° to coagulate proteins and again 
filtered. The steaming is done to remove tho small amoimts of ricin and of 
lipase which the oil contams ; the ricin is toxic and the lipase would 
hydrolyse the oil and render it inncid (see p. 189). This operation yields 
“t ■■ ■ “ ' ....... . . ^ .•! ' about 1 per cent. 

which also contains 

ab ^ J umd and heated by 

steam to about 40® to 80° and are pressed at about 3 ‘tons per sq. in., 
when they yield a second quality oil, which is used for technical purposes 
and has an aciditj' of about 6 per cent. Tho cakes still contain about 
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8 to 10 iX'T cent, of oil wliicli can bo oxtractcil by beuzeno or carbon 
(bsulpliido. Tiio Cakes nro useless for feeding cattle and are used as a 
manure and as n source of lipase, which is used commercially for splitting 

s I 

of accurately fitting hanl-ateel bars (about 4 or S ft. long) placetl vertically 
side by side and held in position by steel hoops. Tho rods aro recessed 
so as to form fine vertical cliannels (about tJb in. wide) between them ; 
this allows the oil to escaixs to tho outside of tlio cylinder, while tho tissues 
of the seeds are retnLne<l. Tlio oil flows down the outside of tho “ cage ” 
and collects in a circular trough at tho base. Tho head of the hydraulic 
ram carries a thick stool plate which accurately fits the inside of the 
“ cage ” and, to fill tho press, the ram is raised until its heatl is about 6 in. 
below tho upper end of tlio cage and sec<la are introduced to fill the 
remaining space ; they are covered by a cloth and a steel plate and then 
another cloth. The ram is now lowered about 6 m. and another charge of 
seeds is put in position and so on tmtil tho press is filled. The head of tho 
press is then placed m position above tho cage, when the ram is again 
forced upwards and the oil is exprcsscil. After the expression, tho head of 
tho press is swung to one side anil the cakes are forcwl out of tho top of 
the cage by raising the ram. 

US, shght odour, acrid unpleasant 

ta! iodine value 82 to 00 , saponifl* 

ca e not over 4 ; refractive index 

I’4695 to 1*4730 at 40® ; solidifying point — 10® to ~ IS® ; acetyl 
value about ICO ; soluble in all proportions in absolute alcohol and 
in 3*5 parts of alcohol (90 per cent.). 

Coostitaents. Castor oil consists of tbo glycerides of ricinolcic, 
isoricinoleic, stearic and dibydroxy>8tearic aci^. Its freedom from 
admixture with other fixed oils is shown by the petroleum spirit test ; 
in miio n ♦v.n^ lu ►.* to gQ®) form a clear 

- . ’ ’ petroleum spirit the 

Uses. A mild purgative ; on account of its viscosity if is largely 
used, especially in warm climates, as a lubricant. 

^ Note. Turkey rod oil is obtained by allowing sulphuric acid to run 


COD-UVEft OIL. Oleom lUorrbuse 

Sources. Cod-liver oil is tho oil extracted from the fresh liver of 
the cod, 0adu3 morrJiua Linn., family Gadidai, order Teleostei. 

Preparation. The cod inhabits the North Atlantic Ocean in groat 
numbers, finding its food on the ocean floor. At 8pa\vning time, * e.> from 
January to April, it migrates to the neas around tho Ixifoten Islands, off 
the nortliem coast of Norway, and to the coasts of Newfoundland. Here 
the cod foods chiefly on young lierring which themselves food upon the 
plankton living m the brilliantly sunlit upper zone of tho sea whore 
vitamin D is foimcd chiefly by the activity of the diatom.s Tlio animal 
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organisms of tho plankton livo largely on tho <Uatoms and the herring thus 
obtain supplies of vitamin D which is in turn transfeired to tho cod which 
conserves it m the fot of the liver. The fishing fleets consist of motor- 
trawlers, or sailing-boatG or rowing-boats and they use both Imes and nets 
to catch tho fish. The fishing grounds are often about six miles from the 
shore and on tho return journey tho fishermen remove tho hvers from the 
fish and separate tho gall-bladder. At the faetorj' on shore, tho livers are 
washed, cut into slices and heated in large vats to a temperature of 82® 
by admittmg steam. The liver of tho cod weighs about 4 kilos and 
contains from 30 to 65 per cent, of oil and also hpasos. A temperatuie of 
at least 70° is required to destroy tho hpases and the heating operation 
takes about thirty minutes, tho oil beginning to separate at about 55®. 
Tho oil IS lemoved with a dipper and is put into largo tin drums, which are 
encased in wooden barrels. The barrel^ are buried in the snow and tho oil 
cooled to — 2 °.or — 6 ° ; the slow cooling caiLsed by the air-spaco between 
the barrel and the tin causes tlio solid fat, chiefly palmatin, to separate in a 
granular form, whicli is more easily removed by filtration. The oil thus 
obtained is tho nen-freezing, medicinal oil of commerce. 

From the liver residues more oil is obtained by lieating to a higher 
temperature or by a process of heaping and partial decomposition 5 such 
oils are broivnish and of infericr quality. 

Description. Cod-liver oil has pale yellow colour, and a slightly 
fishy, but not rancid odour. Its specific ^vity varies from 0-922 to 
0-929 ; it is readily soluble in ether and chloroform, but sparingly in 
alcohol. It remains clear when cooled to 0* and maintained at that 
temperature for three hours. Tho oil has a liigli iodine value of 155 
to 173. 

Constituents. Cod-hver oil consists chitfly of glycerides of un- 
saturated aci^, about 85 per cent., the chief of which is decosohexaenoio 
acid (Tsujimoto (1906, etc.) has isolated, as the chief unsaturated acid 
in Japanese cod-liver oil, clupanodonic ac:d) ; also a small amount of 
glycerides of saturated acids, including palmitic and stearic acids and 
from 0-5 to 1-0 per cent of unsaponifiable matter, including cholesterol, 
batyl alcohol, squalene (a hydrocarbon) and the vitamins A and D. 
One gramme of cod-hver oil contains about 1,000 to 35,000 mtornational 
units of vitamin A and GO to 150 international units of vitarain-D. 

Storage. Cod-hvor oil must bo protected from oxidation and fiom tho 
action of light, both of which lead to tho destruction of the vitamins, 
especially vitamin A. Oxygen of tlio air oxidises tho unsaturated acids, 
breaking them down into acids of lower molecular weight and jiroducing 
both rancidity and rosinification ; tho acidity helps to destroy vitamin A. 
Cod-liver oil must therefore be stored m well-filled and woll-closed 
containers and, for small quantities, amber-gloss bottles are commonly 
used. 

Uses. Cod-liver oil is employed as a nutritive and is particularly 
valuable in rickets. 

Adulterants. Cod-hver oil is liable to adulteration with other 
fish-liver oils and with seal oil, tho detection of which is exceedingly 
difficult. 

Note. Wiale oil {Balcena sp.), seal oil {Phoca sp.), dolphin oil {Delpliinus 
sp.), and shark oil ((7orc/iaria« sp.) aro useil as ilhunmnnts, lubricants, for 
leather-dressing and soap-making. Large quantities of whale oil are 
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converteii Ijy hjdrogeuattoj) into hlajid ediblf fat«> of varj’mg degrees of 
hnjxlnes'^. 

HAUBUT-LIVER OIL. Oleum Hypoglossi 

Sources. Halibut-Uver oil is obtained ttom the Uver of the halibut, 
ffij>j}OgJog 3 iw Jnppoqloams Linn., fnimly Pleuroneetidae, the largest species 
of the RTOiip of fiat-ftshcs. It inhabits the North Atlantic Ocean and the 
North Sea. 

The oil is removed from the dried Uvors by extraction irith a yoIat»|o 
solvent, which is later removed at a low temper^ure Tho oil js pale 
yellow anti has a fishy odour anti taste. The unsaponifiable {rnction of the 
oil amounts to about 8 to 10 per cent, of the oil anti halibut oil contains 
60 to 100 times as much vitamin A as cod-hver oil and about 20 times as 
mneK vitamin 1>. 


BTJET. Sevum 

‘ Sources. Medioinal auet is purified mutton soet, obtained from the 
abdomen of the sheep, Ovis arlts Linn , family Bovidae, order Ungulata. 

Preparatioo. It is ^ho fat contameil m tho vesicles of the omentum 
or folds of the peritoneum and about the bidnej'S that w used for making 
suet. The fat is purified by thoroughly cmshinp tho omentiun, otc , ao 
aa to break the membranous veeiclcs in which the fat h. contained, melting, 
and straining through linen or ftinnel. During tho coolmg it should bo 
filirrcti, «o as to prevent the constituents of higher melting*i)oiot 8ei>aroting 
in a more or lees granular forrn. 

BascriplioQ. Suet is a. white, smooth, uniform, firm and unctuous 
fat, it possesses a alight charactetUtio odour, and is free from ranwdity. 
"ffhea exposed to the air, it becomes rancid after a long period. It 
melts at about 4S® to 49'’, and has a specific gravity of 0 9iS to 0'9o3 
(at 16*). Suet is soluble in ether, chlorofonn and light petroleum. 

Cocstituents. It conaiata principally ol Blcarin and palraitin (about 
70 to 80 per cent.), associated with olein (about 20 to SO per 
Tho acid value should not exceed 2 saponification ''alue 192 to 19<> 
iodine value 33 to 46 ^ refractive index at CO* 1’4490 to I’4510 ; 
mehing.point 45* to 50*. 


bard. Adeps 

Soocces. Lard is the purified fat from the abdomen of the hog, Sus 
Hrofa Linn , family Soidaj, order Ungulata. 


freparation. Tho abdominal fat of the hog is obtained m the form of 
fiat, leafy masses known os ** flair,” srhich consist* of tho omontuni and 
otlier portions of the peritoneum. Tlicsc should be first washed to wo 
them from any salt that may have been us«l to prosetvo them, then 
stripped aa far ns fiossible of cxleinal mrmbnvne, and hung in a current of 
air for n few hours to dn'. Thw roust then bo r'wsJied or commimitcrl 
in any Biihablo manner, such os hy bcatn^ in • mortar or pn-saing 

tbrouRh a mincmg machme. in oitler to bteoh mombrenous vep.oles 
and bborato tha fat containwl m tbero. emsh^ fat is « 

l.mpomture whkli riionM not oioccd 55" 

cn«t o! too groat lioot), owl I’fft’-b' "“-I*”' 

Bno muslin ami gently ttirml t“' “ bonlins wluen 

would intrahiee air into tin" oioUmI fat and favour the development of 
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lancklity. If not Htiiiod t* ’ ' ' 

from tho orysfnlltsntion of 
ami pnlmitin). Tins piocc 

Description. Lard is n soft, white, liomogeneons, fatty substance 
molting at about 34® to 41® and having at 15® a specific gravity ol 
about 0*934 to 0*938. Odour sliglit, fatty, but not rancid or otherwise 
disagreeable ; entirely soluble in other, chloroform and light petroleum. 
Acid value not over 1*2 ; saponification value 192 to 198 ; iodine value 
62 to 60 ; unsaponifiablo matter not over 0*5 per cent. ; refractive 
index at 60° 1*4520 to 1*4550. 

Constituents. Lard consists of about 40 per cent, of stearin and 
palmitin mixed with about 00 per cent, of olein, but these proportions 
are subject to a little variation, and with them both melting-point and 
specific gravity. The olein, separated bj’ pressure at about 0°, is known 
in commerce as lard oil. 

Adulterants, Lard is liable to contain common salt, which is often 
added to presorv’o it for ilomestic use ; it moy bo tested for chloridfs 
by boding with water, cooling, filteiing the ncjuoous liquid, and adding 
i«il\’ei* nitrate and nitnc acid. Starch, winch might bo added to give it a 
whiter appeoranco, couUl al«o bo <lotcctcd in tho filtrate by solution ol 
lodiuo. Sesami oil may be ilotccteil by tho tost detailed under “ Olive 
Oil ‘ (p. 440). Tho most frequent adultcront of lard is cotton-sced oil, 
which has been found in American lanl, large quantities of which are 
imported. It may be detected by the tests described under “Olivo Oil’ 
and by a nse m tlio lodmo number which should not exceed CO. It should 
be noted that lat<l obtained from hogs fed upon cotton cake may give a 
positive result witli Halphen’s test. 

WAXES 

solid, or occasionally liquid substances, somewhat 
resembling fats and oils in their physical characters, but differing in 
chemiciu composition. They consist of mixtures of esters or of esters 
and acids, but never contain esters of glycerol. The esters present are 
combinations of the higher fatty acids with monohydric alcohols of 
high molecular weight, such as ceryl and myricyl alcohols cholesterols 
and phytosterola. Waxes are distinguished by the fact that they 
require treatment with alcoliolic caustic alkali for their saponification 
whereas fats and oil are saponifiable by aqueous solutions of alkalies. 

BEESWAX. Cera flava, Cera alba 

Sources. Beeswax is the wax separated from the honeycomb of 
the hive bco, Apis mellifica Linn., and possibly other species of Apis, 
family Apidee, order Hymonoptera. 

Wax is imported from Jamaica, California, Chili, Egypt Syria, 
Madagascar, Morocco, etc. • ’ 

r ■ ■ -1 r. V* , - 
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is exuded through minute pores in. the chitinous areas. The little scales or 
plates of -wax become solid and project between the overlapping Btema. 
Theso scales of wax are removed the pinoera on the Jiind legs between 
the tibia and the planta of the torens, the scale being pierced and firmly 
held by the comb-Iifce fringe of tho tdjia They are passed forward to the 
front legs and finally to the mouth where they are masticated by tho 
mandibles with the aildition of saliva which roiidere tfie wax more 
tenacious and workable. It is thtjn boilt mto the comb. 



Flo. 196. Apis intllifica, th® worker bea. A. icntrsl plate of a norfcer 
bee B, lower surface of the abdomen of a worker bee. a, transparent 
area upon which wax secreted , b, portion of the plate carrying hairx 
and overlapping the plate uamcdiotely poxtenop to it , c, chitinoui 
frame , tp, spiracle , 1. 2, 3 and 4. tho four overlapping ventral plates 
upon which wax is secreted. All x R 

C and D, hind legs of a worker l>ee- C, outer aurface of a leg D. inner 
surface of the tibia and tarsus of » teg. «. auricle, c, claw, eft, corbiculum 
or pollen basket , ex, coxa , di, digiti or amall joints of the tarsus or 
foot, /e, femur, p, pulvillus or emhton between the clawa , pi. planta or 
first joint of the foot , pn, pecten or comb , <i, tibia , ir, trochanter 
All X 16. 

After removal of tlio honey (p 412) tho cappuigs or the extracted comb 
and cappings are melted in boihng water anti, when cold, the wax forms ft 
calco on the surface. This w remov'ed ami punfieil from suspomlcfl matter 
by melting in a deep vessel and allow mg it to ataml »i a fluid atato for some 
time, during winch suspended nnpunttc<l smk The pure rrax is poured 
off info earthen vessels prpvjonsly Wiped with ft wet cloth. If the entire 
comb IK to be used in tfus nay for making wax, the foumlnfions should bo 
rnado of pure boeswRX, othemr<o the caf^wigs only should be usot!. 

JlTittf uvj; IS mnde bj* inciting the yellow wnx and ntnnmg ct tn ft thm 
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stroom on to a revolving wet drum, from which a scraper removes it in the 
form of long ribbon-like strips. These strips are laid on flannel to bleach 
in the sun. The process is repeated by romelting and exposing a second 
or third time to sunlight. White wax is also made by bleaching with 
chemicals, such as chromic acid. 


Description. Yellow wax is a yellowish or brownish-yellow solid, 
with an agreeable, honey-like odour, breaking with a gran^ar fracture, 
and not unctuous to the touch. It is readily and entirely soluble in 
hot oil of turpentine, partially and sparingly soluble in alcohol, soluble 
in warm ether, chloroform and in volatile and fixed oils generally. It is 
practically insoluble in water and in boiling aqueous solution of sodium 
hydroxide. 

The specific gravity of wax varies from 0'958 to 0'D70 ; melting- 
point from 62® to 64® ; refractive index at 80® 1*4380 to 1*4420. These 
limits are narrow, and the specific gravity and melting-point often 
afford very valuable information as to the purity of the sample under 
examination. The ratio number, *.c., ester value (70 to 80) divided 
by the acid value (17 to 23), is 3*3 to 4*0. 

Constitnenta, Beeswax consists principally of melissyl palmitate 
(myricln) about 80 per cent., with which is associated free cerotic acid 
about 16 per cent., and small quantities of an aromatic body, cerolein, 
and probably melissyl stearate. 

Adulterants. Beeswax is liable to adulteration with solid parafBn, 
corosin, with various fats and waxes of vcgetoble or onimal origin, with 
resin, stearic acid, etc. 

Pftraifin and ceresin (which is purified “ozokerite,” a kind of paraffin) 
may bo detected by the fact they aro less soluble in alcohol than aro the 
products of saponification of beeswax with caustic potash. One grammo 
of the wax is boiled under a reflux condenser with 10 ml. of semi-normal 
alcoholic caustic potash and 10 ml. of alcohol, 05 per cent. After an hour 


the flask is detached, a th 
to cool with constant sti 
cloudy between Ol® and 6^ 
not more than 2“ below f 
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Kote. Japan }Vax h the fat Bocreled in the mesocarp anti cotyledons of 
tho fruit of wce^anea Linn., and other 
Anacardiaceaj, Japan. T*'-' '■ 

and boiled with water ; 

straining, and then pour ... .am, i>aie yellow solid, 

becoming whito externally on keepmg ; it consists chiefly of palmitic acid 
and its glyceride. Mcltmg.pomt about 50* to 6C®. It is wat a true wax, 
but a fat. 

Camauha Wax is tho wax ' . f 

Copt '^'-'~ ' '* ■*■ • . > 

tiried ' ■ 

and * * ■ • 



Fio, 197. Phyttitr maeroetphalua. Se'-** ’ 
whale, a f., anterior resen'oir and p 
Tight noatnl ; b, blow -hole ; e, crania 
nasal fossa (After Colita.l 

chincTwis Roxbur'*^ ~ i 

stripped from tht 

by re-melting, a , 

crj^tftlline, almos uuout 81“ to 83* ; 

consists almost er , . uciotate 

SPERIffiACETI. Cetaceum 

Sources. Spenuaceti is a solid wax obtained from the head of the 
sperm whale, PAvief/r *."* ' ‘ mily Physeterida?, order 

Cetacea, ar . • Part of the spermaceti 

of commer . wviie.nosed whale, fft/peri>od<»i 

rojlralus, twuierg, family Ziphidm. 

The sperm whale inhflhi*- ‘1 -- •• •» Indian Oceans, 

‘ ” *’ • ' it is also found 

‘ .. I.aJiClSCO. 

{ auu Pccpasaticu. Its head is of enormous size, occupying 

about one-third of the animal, which varies front 15 to 25 metros in length. 
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In n Bpocin!, largo, cylindrical organ in tlio tipi>or region of tlio lingo jaw 
niid above the right nostril an oily liquid, emdo sponn oil, is secreted. 
After tlio wlialo has been enptnrcsl tliis cavity is emptied of its oil, which, on 
cooling, rloposits a quantity of rry*talWno matter. Tins, tho KiJormaceti, 
is separntod by pressme and purified by ro-melting, and washing %^ith 
dilute solution of sodium hydroxido tojroo it from tlio last traces of oil ; 
the sjx'iTnncoti is washed with boding w'ntor to soi>nrafo it from tho soa]) 
thus produced, and from eveesa of fri*o alkali and, on rooling, it forms white 
ciysbillino masses. 

Description. Spermaceti ocours in tramhiccnt, crystalline masses, 
pearly white in colour and nnctnoiis to tlio toucli ; it has but little 
odour or taste. Specific gravity 0*95 to O-OC ; melting-point 40* to 
50* ; acid value not more than 1 ; saponification value J25 to 130; 
iodine value 3 to 44 ; refractive index at 80° about 1‘4330. It is 
insoluble in water and cold alcohol, but soluble in ether, chloroform 
and boiling alcoliol, crystallising from tho latter solvent on cooling. 

Constituents. Spermaceti consists principally of cetyl palmitate, 
^is^ai'COOCjjHjj, together \rith n small proportion of esters of other 
fat acids. 

Adulterants. Sponnacott bos been adulterated with stoario acid, 
stonriu, tallow, and parafTm wax. Stcane and other fat acids raise tlio 
acid valuo i stearin, tallow, and jMxrnfilu wax are insoluble iu boiling 
alcohol 5 stearin aiul tallow raise tlio Bai>onification value, but parnfiln 
wax lowers It. 

Note. Ainbcrffria is a substauco fonncsl in the iuti'stino of the whale, and 
found there or floating iu tho sea. It occurs m mns'os vnr>'ing in size 
from 1 to 20 or more pounds, gnyisli m colour, velneil, brittle, with an 
agreeable, persistent o<lour ivcnlhug musk. It contains 25 per cent.* of 
aftibrein winch appears to bo a <lorivntivo of cholesterol. The homy beaks 
(if cuttle fish, upon which tho Hjionn-wlmlo feeds, aie often found in 
ambergris aiul are regaixled ns an indication of gemnnoncss. 

WOOL FAT. Lanolin, Adeps Lanto 

Sources. Wool fat is a waxy substance secreted upon the hairs 
constituting the fieoco of tho sh^c]!, Ovia an'ca, Linn., family Bovidro, 
order Ungnlata. 

Preparation. If a few Imirs of raw sheep’s wool aie oxnminod under tho 
microscope little innsses of fatty substonco may bo scon adborjng to them. 
This is tho cnido, iiatuml, wool fnt ; part of it is solublo in water and is 
removed duung tho first cIoauHing process, wliich consists in steeping tho 
flooces in water ; part is iiisolublo iii wnt<?r and can subsequently bo 
removed by bonzono, acetone, or other suitable solvent, forming, after 
evaporation, a broivnish groaso. It is also romovod wlion tho fleeces nro 
ecoumd with soap and water, tlio second cleansing process. Wion tho 
emulsion thus produced is ncidifiod, tho wool fat is separated togotlior 
with the fat-acids produced by tho decomposition of tho soap. These 
fat-acids can bo converted into tlio ooiresiioadmg calcium salts and tho 
wool fat separated by tieating tho product with acotono ; tlio ncetono 
solution, ovaporntod to diyncss, yields crude wool fat wJiich has to bo 
purified by suitable means. 

Wool fat may also bo oxtnicted by scouring tho flcccc.s with hot water, 
and allowing tho emulsion thus produced to stand, when impure wool fat 
rises ns n croam. Tliis can bo cloansod by ropontodly mixing with water 
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rikI Poparating by ceiitnfugatjon, tbo resuUmg «ool fat being eubjectecl 
to a final process of purification. 

Description. Purified woo! fat is a yellowisli, tenaciotis, unctuous 
solid with a cbaracteristio odour. It melts at about 34” to 40” and is 
soluble in acetone, benzene, and other fat solrents- Tlie iodine value 
is 18 to 32. It may bo distingnished from true fats by its solubility 
in absolute alcohol and also by the follomng test for cholesterol ; , 
Dissolve 0*5 gm. in 5 mils of chloroform, add I rail o! acetic anhydride 
and 2 drops of eulphuric acid ; a deep green colour is produced. 

Consti^ents. Wool fat consiata chiefly of cholestciyd and iso- 
cholesterj’l alcohols combined with lanoceric, lanopalmitic, carnaubic, 
mjTistic, a little oleic, and possibly also jialmitic and ccrotic acids. 

Uses. Wool fat is largely use<l m an emollient and for promoting 
the absorption of drugs by the skin. 

Adulterants. The most probablo adulterants of wool fat are nuncral 
fats isoft parafiinj or animal an<l vegotflble fats and oils Wool 
tat, like most waxM, is not leaildy attacked by boding, aqueous solution 
of potassium hydroxide, but may be saponified by boiling, or heating under 
pressure, with an alcoliolic solution of the same, tbo saponification valoo 
vatj’ing from 90 to 102 , it i*? also readily saponified by solution of sodium 
ethylate. Mineral fats aro not attacked by either nqupous or alcohoho 
solution of potassium hj'droxKie, ami their presence would lower the 
saponification value Animal and vegetable fati and oils would b>’ the 
same treatment be saj^onifted anti raise tbo wiponifioation value , they 
would also bu^aponifieti by aqueous alkalies which woultl not attack wool 
fat or mineral fats. Glyeeiol can bo detected by shaking tho wool fat with 
hot water and evaporating the aqueous solution. 
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GLANDS AND GLANDULAR SECRETIONS 

THYROID GLAND. Tliyroideum 
Sources. Thyroid consists of the thj'roid gland of the ox, Bos laurus 
Linn, or the sheep Ovis aries Linn., both belonging to the family 
Bovid®, or the pig, Sua acrofa Linn., family Suidie. 

Description. The gland is composed of two flattened, ovoid lobes 
situated on cither aide of the upper part of the trachea or nindpipe, 



Fio. 198. Thyroid gland A, lateral view of trachea and thyrojd gland of 
the ox. Boa taurua, X J. B, thyroid gland and cartilage of tho ox, seen 
hom the front, X j. C, thyroid gland of the eheop, Oins aries. Z>, section 
of thyroid gland x 300. 


just below the thyroid cartilage of the larynx and extending downtvards 
over tho upper two or three rings of the trachea. Tho lobes are con* 
nected across the front of the trachea by a band of glandular tissue 
named the isthmus. In the ox the lobes are bright red-brotvn and 
each is about 6 to 7*5 cm. long, 3 to 4 cm. -ftide, and 0-75 to 1'5 cm. 
thick ; the isthmus is about 10 cm. long and l-O to 1*5 cm. wide, and 
passes across the front of the wide trachea between the lower ends of 
the lobes. Each lobe weighs about 10 to 15 gm. In tho sheep tho lobes 
are dull-red, each is about 3 to 4 cm. long, 1*25 to 1'5 cm. wide, and 
0*5 to 0-75 cm. thick, and weighs about 2 to 3 gm. The isthmus is 
quite narrow, being about 3 to 5 mm, wide and 2 to 2*5 cm. long. In 
the pig the thyroid is dull-red, each lobe weighing about 6 to 12 gm., 
tho two being connected by a wide isthmus. 

The gland owes its colour to the abundant blood supply ; it is 
covered externally by an envelope of fibrous connective tissue which 
penetrates the mass of the gland as a network of delicate laminso 
450 
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which surround ovoid or rounded masses, 'knoAvn as vesicles, within 
the gland. Internally, therefore, the gland is firm and coarsely 
granular ; the secretion is presrait as a yellow glairy fluid filling the 
' • ’ ■ ' ’ • 1 ■ • • • 1 • ’ ” , carried through 

nd. The glands 

aie separaiea ana all connective tissue antt lat is removed ; they are 
then sliced and minced and aro dried rapidly in a current of ivarm air 


fatty matter when cut, or are otherwise abnormal, are rejected. The 
dried thyroid so produced is a pale, buff-coloured, hygroscopic powder, 
having a famt meaty odour and taste. The powder is assayed and 
its strength adjusted to the required standard by mixing, if necessary, 
with lactose. It should bo stored in a cool place, in well-closed 
containers. 

Histology. The vesicles ol the gland are ovoid or rounded cavities about 
lOOii in diameter ; these aro lined by nn epithelium of a single layer of 
cubical or prismatic cells and aro filled with a coagulable proteinaceous 
fluid. The laminated tissue between the vesicles is traversed by nerves 
and blood-vessels and communication between the vesicles is established 
by fine liyaline threads and cross tubes of irregular section. The vesicles 


tho most characteristic feature is the large number of highly refractive 
vitreous fragments of the colloid, which have striated conchoidal surfaces 
and sharp angular edges. The powder is conveniently examined by 
soaking in <lilute solution of ammonia, svashing several times with water 
and staining with Lfifflers blue. 

Constituents. The active constituent, which is present in tho 
colloid of the vesicles, is a crystalline principle, thyroxine, which has 
been prepared synthetically. It is insoluble in water and m alcohol, 
but soluble in acidified alcohol and in solution of sodium hydroxide. 


logically inactive. 

Uses. Thyroid gland is used in myxoedema, goitre, obesity, and 
other cases in which a deficient production of the secretion is incbcated. 
Small dascs of thjToid are also prescribed as a general tonic. 

PARATHYROID GLAND. Parathyroideum 
Sources. The parathyroid glands are small, oval or spherical ductless 
gloncLi, either embetldcd in the thjToid gland (internal pamthyroid-s) or 
situated at somo distance from it (external pomthyroi(U). Tho para- 
tlijToids of tho ox, ilos Murus Linn., family Bovids), arc gonerally omploywl 
for mwUcinnl imc. 

Description. In most thyroid glands llioro is normally ono pnrathjToid 
crabcihlcil in tlio tissue ncor the upper and lower extn-mity of each lolw 
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of tho thyroid, from wliich they can bo distinguished by their distinctly 
paler colour. In some animals thero is only one in each lobe ; in tho ox 
there are, in addition to tho four t 3 Tiical parathyroids, Rovoral accessory 
parathyroids situated in various regions of tho neck. For pharmaceutical 
use tho external parathyroids of tho ox aro carefully dissected out. These 
parathyroids of tho ox are flattened ovoid and measure about 17 nun. in 
length, 10 nun. in breadth and 4 mm. in thickness. They are freed from 
extraneous tissue and fat, desiccated anti powdered. 

Constituonts. Tho activo constituont is a hormone, named para- 
thormone, but thero is httlo information ns to tho chemical constitution 
of chis substance. 

Uses. It has been found that removal of tho parath 5 TX)ids results in a 
decrease in tho quantity of calcium in tho blood-serum and an increase 
in tho quantity of guanidine and oIHcd substances ; honco tho object of 
administering preparations of tho parathyroids is to control tho amount of 
these substances, esjxjcially in conditions of abnormal calcium metabolism, 
such as hay fovor, asthma, chilblains, etc. 

PirUITARY GLAND. Pituilarium 

Source, Pituitary gland, also known os the hj'pophysis, lies in tho 
median lino at the base of tho brnm and is token from various mammals, 
such as tho ox, sheep and pig. That usually preferred is obtained from 
tho ox, Bos Linn. 

To remove tho gland, tho crown of tho skull is cut away, tho brain is 
removed and the pituitary body is then taken from tho depression in tho 
sphenoid bone at tho base of the skull, known as the sella turcica. It is 
immediately frozen and kept in that condition tintil required for uso ; it 
should be used within twenty-four Jiours. 

Description. The gland is about 2 cm. in diameter and weighs from 
2«6 to 3-0 gm. ; it is separated from the base of the brain by a layer of 
tough flbroxis tissue, connection with the brain being made at one point 
by tho "stalk” or injundibulum of tho gland, which parses through tho 
fibrous covering. The gland consists of three parts, two of which, the 
posterior lobe and the anterior lobe, form tho bulk of the gland and aro 
separated by a narrow region nomed the pars intermedia. The posterior 
lobe has an average weight of about 0*5 g. and is derived from the brain 
with which both it and tho pars intermedia are connected by tho stalk. 
Tlie posterior lobo is whitish-grey in colour and is compo-Rcd of nerve 
tissue, viz., neuroglia cells, fibres and pituicytes. Tlie anterior lobe has an 
average weight of about 2 gm., it is groyish-rod and is derived from tho 
tissue of tho roof of tho mouth, from which it eventually becomes entirely 
separated ; it is composed of epithelial tissue arranged as trabecute, 
columns and irregular masses of cells separated by connective tissue and 
sinusoidal capillaries. Tlie pars tnfcnnedia is also epithelial in character ; 
it is closely applied to tho posterior lobe, but is separated from the anterior 
lobe by a narrow split. Tho two lobes can be separated from tho frozen 
gland by cutting tho gland into two iiarts through tho median plane and 
then lifting the lobes from tho cax«uIo by forcing tho handle of a scalpel 
between them, when they can be dropped into ice-cold acetone. If 
required in the form of poualer, the glands are taken from tlio acetone and 
cut into small pieces which are allowed to stand in fresh acetone ; the 
pieces are then pondered in a mortar, dried in vacuo m a desiccator, 
extracted by acetone in a soxhlct, dried and'stored in vacuo over 
phosphorus pentoxide. 

Constitnenfs. Tlie posterior lobe contains two substances which have 
been obtained separately in fractions prepared from extract of the posterior 



PITUITARY 


459 


lobo { theJ5o have been namexl oxytocin and vaaopre^ain respectively. 
There ia some evidence to suggest that both of these ore amines and 
oxj'tocin is sometimes now named «-hypopliamine and vasopressin is 
named ^•hjT'ophamine. Oxytocin increases the rate of rlij-thmic contrac* 
tion of tlie uterus, wlulo vasopressin contracts the smaller arteries and 
raises the blood pressure. Tlio posterior lobe also possesses the property 
of stimulating peristalsis and of inhibiting diuresis (anti-diuretic property) ; 
these effects may bo due to other active constituents or may possibly be 
related to the vasopressor actmty. Tho anterior lobe contains several 
hormones which are re-'ponaiblo for at least six tlifferent effects upon the 
bodj' metabolLsm. These are a growth hormone ; a gonadotrophic hormone 
which may consist of two principles both of which act on both tho male 



Fia, 190. Pituitary gland of os, Do» /durut. A, sagittal section of brain 
of the ox to show position of the gland (modified after Sisson). B, upper 
surface of i-olated pituitary gland. C, median section of the gland. 
D, traiuverso section near the centre of the gland. E, traIU^’e^so section 
of hinder end of a gland, on, anterior lobe ; c, cleft between the anterior 
lobe and the remainder , /, fibrous membrane between the gland and the 
base ofthe bram ; t, pars intermedia , p, posterior lobe , stalk. (B,C, 

D and E, natural size.) 

and tlie female sex organs ; a tlijTOtrophic hormone which helps to 
maintain tho normal functions of the thyroid ; a lactogenic hormone 
which indirectly controls the secretion of milk ; a diabetogenic factor 
which prevents waste of carbohjdrale reserves and a Bupmrenal-cortical* 
stimulating facton 

OX GAIiL. Ox Bile, Fel BoTinom 

Source. Ox gall is tho liquid contained in the gall-bladder of the ox 
Bos laurus Linn., family Bovidie, 

TIio gall-bladder of tho ox is ft ^^nform bag, about 18 to 20 cm. long 
and 6 to 6 cm. wkIo at tho widest part, attached to tho under surface of 
tho liver. It receives tho secretion from the liTCr and discharges it mto 
tho duodenum ; this action is continuous, but is increa«ed by tho arrival 
of food in tho duodenum Bile appears to exercise a favourable influonco 
upon jiancreatic digestion by increasing tho rate of action of tho pancreatic 
enzymes • see Fig. 200. 

Description. Fresh ox bile is a brownish-yellow or brownish-green, 
rather viscous liquid with an unpleasant odour and disagreeable, bitter 



OLAKDS AND GLANDULAR SECIiETIOXS 


4 CO 

tasfc. It is ncitli/il or InOitfy alknUno iii rcncti'oti, hns n KjH;cific gravity 
of about 1-022 and h clinractf>riso<l by (ho following reaction : To 10 in»h 
of a 5 per cent, aqueous aolution ofoxbilooticl ndrop of solution of sucrose 
(I in 4), tJjen gradually 10 miN of phosphoric nci<l (sp. gr. 1*76) and heat 
on a water-bath ; a deep vio^t colour ts gradually dovciopetl. This 
reaction is duo to (ha action of furfumidchydo (from the pljosphoric acid 
and Rucroso) upon cholulio acid (pro<ltice<l by tho phosphoric acid acting 
upon taurocholic and glycochoh'c acids). (Tiiis is a moiIincBtion of 
Pottenkofcr’fi test.) 

Constilaents. Ox gall contains tho sodium salts of taurocholic and 
gjycocliohc aciih together %vitli coloiirtngsubstnnce.s (hilirubm, bihVerdin), 
mucin, lecithin, cliolestcrol, fat , soaps, etc., in aqueous solution. In making 
c.xtract of ox hilo (ho mucin is iisimlly removtsl hy precipitating with 
alcohol and the filtrate oviijiorafod to a thick e.Ttmct. 

Uses. Ox golJ is given in cases of deficioncy of bile. It is also used by 
some bactcnologtsts in preference to sodium taurocholato for the prepara- 
tion of certain cul'uro media. 

PEPSIN. Pepsinom 

Source. Pepsin may bo prepared from tbo mucous membrano of tho 
stomacli of domesticated animals such as tbo pig, sbeep or calf ; it is most 
usvinlly proparcil from tho stomach of tho pig, Sus ttroja Linn., fomiJy 
Suidio. 

Tho stomncli 1ms an outer muscular cont and on hmer mucous surface. 
Wion it is empty and tlicreforo contmctc<l, the inner coot is thro%vn into 
numerous folds, heneo tlio mucous surface exhibits o rugose opiwornncc. 
Tiiis surface is covered by a single layer of cpitliolial colls, whicli also line# 
tho innumerable juts with which it is furnished. Each pit is about 0'2 nun. 
in Uiemetor an<l two or thtvo very narrow tubular ducts open into its base. 
Tho ducts aro Imwl by a layer of epithelial cells of two kinds ; the majority 
of tho colls aro more or less cubical ond an? known as central colls. Scattered 
amongst tbo central cells are a few ovol or rounded cells with dense 
contents, known as tho parietal cells. Tho ccntml cells secrefo pepsinogen 
and ronnin zymogen, wJiich aro tho i>recurson» or zjTnogens of tho corre- 
sponding enzjTncs, pepsin and rennin. 77io pnrictol cells secret o hydrochloric 
acid srliicli activates tho zymogens liberating rennin ond pepsin. Tlio 
gastric juico secreted by tbo glonds contains Ibeso and probably other 
substances which ore discharged into tlio contents of the stomach whenever 
food enters it. Tlio pepsin converts insoluble proteins into sohiblo peptones ; 
unliko soluble proteins, peptones oronot coagulated by heat or precipitated 
by nitric acid. 

Preparation. The mucous lining of tho stomach is either stripped off 
ond minced or it is scraped off ; tho pulp is placed in water acidulated with 
hydrochloric acid and is kept at tho body temperature — 37® — until 
autoly’sis lias token place — about two hours — giving a cleor liquid contain- 
ing pepsin and the peptones formed from the mucous tissue. Tlio liquid 
is filtered and sodium chloride or ammonium sulplmto is added until the 
liquid is about iialf -saturated witli tho salt, when tho pepsin is precipitated 
while peptones remain in solution. Tho precipitate is collected, suspended 
in water in a cbalj’ser and the salt removed by diaij'sis. Tlio aqueous 
solution of pepsin remaining is precipitated by adding alcohol ; the 
precipitated pepsin is collect^ and dried at a low temperature. Or the 
solution in tho dialysor may bo e'’aporated t« vacuo, at a temperature 
below 45®, and the residue powdered. 

Pepsin is obtained in scales by evaporating a strong solution to wliicJi 
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50010 dextrin has been added, painting tha 6}TUpy fluid on plates and 

(Irs-ing. . 

Oes^ptioa. Pepsin occurs in commerco os a palo yellowish powder, 
or in translucent scales or grains with a faint odour free from putreseeaco 
and a slightly salme bitterish taste. It n soluble in water, in physiological 
solution of sodium chlorido and in dituto acids. It contains tho oiiz^'mo 
pepsin, but does not consist of it. It is most aetifo in a fluid about pH 2 
(0 2 to 0-5 per cent. HCl) and at a temperaturo of 40®. Tlio acidified 
aqueous solution converts insoluble protetP‘» into soluble proteoses and 
peptones. Its action is inhibited by sedium chlonde and b^- alcohol, and 
is completely destroyed at a twaperaturo of 70*. 

TTses. It is emploj*cd in dyspepsia caused by deficient gastric eecrotion. 



flfl. :00. I’ancrrM of the ox, I7o» touni# ,4, gencraj mcw of tl >»' pmictnw 
and tho neighbouring (•(nicturto (n«>djfic«l after U, i^lct of 

Langcrhan* and iwmc of the •cim nwrcimg tho luinrimue fi-cwnl ; 
numrrous i)-niogcn granules are ptroent in the eclb of the ocmi, y 300. 

PAKCREAS 

Soares. Tlio {wncrcos uj<c«I in mcdicino « obtame*! fmtn tho pig, Stu 
•^/a Linn., fanuly 811111 . 1 ?, or ox. Bo* to«m* L«m , fainilj ni»nifa*, onlcr 
Vn^Lita. 

^^criplion. Tlio iMncrroH of the pig w « comiwct oremi Ij mg tmn*- 
'Vox^ly BCfOM llio iKxfy bchm<( lltc stomach ; in tho ox if »<* o «hff««' gland 
and uriglM alxnu { kilo. It H ydlon i«li>re<l or prcji«l>-r»'<t m c<i|nur and 
•n ihf. p)j« it ronsiilfl of Ihreo lobe', «wh of which ii foni>i-»l of muiwrom 
Inhull's. Hrtcli lobule it eompit^/vl of grouiw of small bmiirhing tuhulca 
hn«J with n ofs-nding cpitbcStuin. Tlic •'malWt tuhiiliM to fonn 

larp-r ones mid thiwo ojvn into at ill l«rp‘rdi»ct« nnd lh<' w-rn’li'iii rviutn- 
ally enters the <iiio({i-it«ui> l»y two duct* the larger »f which nmte* with tho 
bilf «luct at tin* jvint of «iilr>' ml« tlw* diHKl*'n«un. Tlie cell» of the 
jwiicrvas am 5tinmlAtoI into ‘activity by a hormone, r-vtctm. which w 
loftiv^t In tho rpttltelitjni of duoTt/^tiuir and rnlcra the hl'Kwl »frTAm 
by which It 14 rArrh^l to the crlN of tlw* |«nfrea*< Tlie cjnf eelU of 

tlie wnc»y-A*n*rw w^'oten fiuhi runtamuig rjiw'geti* which «n> rrffi\cjr<l 
tn tl>e wlw w an cniyme, r«lcn>kina»*'. c».ni rrt» f Iw-m inc«» llte 
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enzymes trypsin, which digests protems, amylase, which digests carbo- 
hydrates, and lipase, which digests fats. Other substances present in the 


stream and regulates carbohytlmte metabolism. 

CommeTcial pancreatin is a mixture of these enzymes with other 
substances obtained by extracting the minced pancreas with water or 
dilute hydrochloric acid, precipitating with alcohol, collecting and pressing 
the precipitate and drjung at 40®. Tlio precipitate will not be active imless 
the zymogens in the pancreas have been acted upon by the onterokinaso 
of the duodenum. 

Pancreatin is a pale cream coloured powder with a slight meaty odour : 
it is soluble in water. 

Crude insulin may be obtained by extracting the fresh pancreas with 
alcohol and sodivun bicarbonate, pressing and filtering, and fractionally 
precipitating by alcohol. Crude insulm may bo purified by precipitating 
as picrate, decomposing the picrate with alcohol acidified with hydrochloric 
acid and precipiiating insulin hj'drochlorido by acetone. Insulin hydro- 
chloride thus obtained is a white, amorphous powder. Insulin has the 
property of reducing the amount of sugar in the blood, and is employed 
as a renlody for diabetes. Fresh pancreas yields about 0-2 per cent, of 
crude meulin. 

MUSK. Moschus 

Sources, Muak is the dried secretion from the preputial follicles of the 
musk deer, Moachus moscht/ertts Linn. (Phylum Chordata, class Mamvxalia, 
order Vngulata, family Cervidai). 

CoUeefion. The musk deer is a small, graceful animal about the size of 
the roebuck, and inhabits a large area m Central Asia, extending from 
the Caspian Sea to the eastern boundaries of Jhe Chinese Empire. The 
male animal, which alone produces the musk, bears on its belly, a short 
distance behind the navel and just in front of the preputial orifice, a small 
sac produced by an infolding of the skin. This sac is the musk sac or musk 
pod, and it contains a treacly or soft, unctuous, bro^vnish substance, musk, 
which is remarkable for its intense, penetrating, and persistent odour. 


Secretion, debouching close to the preputial orifice. Very young animals 
do not secrete musk and old animals but little. 

The animals are snared or shot, and tlio mu’sk sacs cut out, tnmmed 
and dried, when they are known ns “pods”; they are then wrapped 
singly in paper and packed in a small rectangular box covered with silk. 
This box is known as a “ caddy ” and contains a " catty ” (21 j ounces) of 
musk pods (about 22). Of late musk pods have been packed in flat tins 
each containing two catties. 

^ or fiom 

■ cd dowj 

' ■ ■ Smaller 

quantities are obtained from the southern Oliinese provmce ot Yunan 
(Yunan musk), and some finds it way vi& Nepaul or Assam to Calcutta 
(Nepaul musk, Assam musk) 

The musk pods are examined in China and classified into three qualities, • 
or “ piles ” ns they are tcrme<l. In London tliey are again exnmineil, 
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t^ri'-ty f>f jxmI^ »» knowrii. Tl*»i l!«»» W«!<' »km 1« »!•«' ►kiJ» vf 

tin* jv/I, liii* onta-r »Vm, wh»r1i %« Ami linMDK ofttvfuffy 

Jiff. l5y {1,14 ii\rnn< lli*' }’"‘l »' ftrul it" 

Mthix ffilimiov). |V5«}< Wiotflj nl»>wl 25 tn 35 fj , «ml nojtnm 

<'f cm/ftflar tiiu^k whtrlt tlo'm 

TJm> mii'kc<intmiii«t in i m u*aatt\ nn<l ^ifh*n hd"* « «{ft«ig{y 

ammoiiiftcAl t>.I.Hin H can In* fnttt fn>m nwnMMm ah'I HTiimmam liy cx^Kwing 
it to tfi« nir, n,„j ii„.i, fortiv* ilotk n>»Mwh*ltr<»wi» HiiciviiiU’' Rnvin' (“ gmiu 
rnii'‘k*')\mh akort bntn* . it « «trt>i»g 

clmrurtaTitijo <vl<n»r mi>l W»f<'T liwJiv 

vonsUtoesi], Mu^k <lc(ti]l<ttt«ti. ««th Afmra »«'! stiJj^jucnt 

I'unfioatifdt n Aiiutli in'rra'ntngf o{ a Ttwnl rolouri'*^ ot! wtth « \<'fy 
ogrtH,nt)l.> otintir of inwH • ibw «»l a jijn-nr* to !><’ a kclono rtnti 
iirt-? biarn imwkouo. Tlw tlniR COHtnin’' irmtalun', fatly mfttlpr, 

twin, jiroti-mx, mill infirKmiio nutHlAnci^, Wfttf'f <!i«olvw from BO to 
• ojict c«n»t. of jt, but nlroholxuriy 10 to 12 jht font. It rUpuIiI not contain 
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Tlie eotnmercial exploitation of a crude drug loads to a demand for 
regular supplies in sufficient amount and of uniform potency and if the 
demand is large enough, efforts at cultivation are almost certain to 
follow. For this purpose knowledge of the geographical source and 
of the particular environment favourable to the plant is needed. The 
nature of the soil, the altitude at which the plant grows, the type of 
atmospheric conditions — such as moisture, temperature and protection 
from wind — must be studied. For example, in selecting localities for 
the cultivation of cinchona, those in* India were as suitable from most 
points of view as those in Java, but the trees — C. Calisaya and its 
varieties — which yielded the highest percentage of quinine did not 
grow well in tho soil of the Indian pLantations, while in Java the 
volcanic nature of the underlying rock produced a porous soil in which 
the more valuable type of tree grew strongly and so tho cinchona trade 
eventually became established in Java rather than in India. Another 
lather different instance is found in tho cultivation of Hydrastis 
canadensis, which is a j ’ • * • ' « . • • shade of 

a canopy of trees, and dl in cultiva- 
tion in tho open field ; . * /surmounted 

by erecting, at a height of 5 to C ft. above the ground level, a staging of 
lattice work, which produces a shade similar to that of the natural 
woodland 

Knowledge of tho geograi>!iical source also assists in tho identification 
of tho biological origin, because it is generally kno^^’n that plants of a 
certain type come from particular districts and one may often exclude 
from consideration entire families of plants as well as individual 
species, or one may deduce tho possibility that the drug may bo 
derived from a plant belonging to one of some few families characteristic 
of the region 

Cultivation of drug-yielding plants is advantageous from many 
points of view . — 

1. It affords a valuable method of control of the purity of the 
product. It IS, for example, very difficult to free small fruits, such as 
those of the XJmbelliferce, from weed seeds once the crop has been 
harvested ; but by careful weeding during the cultivation of dill, 
fennel, caraway and other similar plants, the purity of tho finished 
product is assured. Drugs such as the roots of aconite and belladonna, 
which are liable to admixture with other roots when collected from 
wild plants, will be of uniform purity if cultivated. Cinchona also, 
when collected from wild trees in the mixed forests of the Andes was 
often mixed with foreign barks, owing in part to the difficulty of 
identifying the scattered trees ; this typo of adulteration is entirely 
avoided by cultivation 

2. The processes of collection, «lrjing and storage can be adequately 
controlled on farms and plantations, where the operations are carried 
out by trained workers instead of being left to the casual treatment of 
unskilled collectors Leaves like digitalis and the solanaceous drugs 
can be collected when in the best condition and rapidly dried in 
artificially heated chambers, all under skilled supervision , chamomiles 
and other flowers can bo collected as they come to the proper stage of 
flowering and then dried so as to retain their colour ; drugs like 
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f^nn^mw uivUrv'' *|'«xUl tfr.-itm'*nl tlurins prT-iMrntlnn Afp of 

fx'H'T AO'I ttjnn. fjiuhty «hffi /rt*rii j'LiiifdHon* nri'l 

|'rr{^^rT^l )»y workf-r* n)n> nfr *«> tli" prrw-r-*****, 

3 ImirroVem^nl of the drus hy wiitruj of c^ffun f trffir* in rtiliita. 

tion fft^iiontly t>^n p/T'^tr*! I’nr hy Ihr *(<<1 nf 

And »u\xins otily Otr ihn wi-n* innn* 

ftiinly an'! a l«*tfrr i {'■I*! of I<-.ivo# li-atolitflinoil I^’af'pN 
ttnntirf anti kiVofvj In of phrita !)»*• niiintint 44 

allalo;.! in li'-n!«tn" ««'l •iramonKun m.i« nii4 Iho 

jirliN }nrtpa»<-<! |iy I>l |n 51 p«T omt III noniff rtnrSnnn*, I hr 

projr»ftinn <)f ({tiininr In thr Wirh h^* pn.tih inr-n-A**-*! anti tlir 
*trnin (if trrr- h-n Iiry-n krjii jpir t>y mlfftAfion hv prafi'i ( «*n!inii»‘<! 
rtiliivaiion nij'l r>f t^r fur I'rojF^^-xtim) !»n 

in rtr^t mrnt ‘4 thr llttonr of ririfiimufj n/i'! nI<o 

of cr|rrv fniit Bfv! rtih'-f I'lrnkftr fniii* Tfi'' rJ.'nn* of h* ilit/r"* wiili a 
I*•^rtirt^(Ar t\j>r of at'** <!«'’ otilinatnr ohtam n 

I'fTj'Iijct mill m»i>-|iny (Ir^jrahlr qinIifio» ifm* otihivaK"*! in 

•Ismaira Jn* an af«*nntif' flitn'ir Fnifwior i)nt frnni olhr r ro'intrif', 
wf4!r thr «imr jiltnt rnUiiaN'*! fn .tfrica \irhh n niix h rnorr juinprnt 
proflurf, nn'l llir»r tiuM arrrTini(n»-m'»ll\ v.njiiihjr in (lifTe-rmt 

io4«<trir«. f<!Ra(t’<i4 otfifrt n atinthrr rtainiilr il .il'hN n Injli 

D MrtWi of rr'j'n wfirn ruftivatr^I m Irojijral ronntri'N hlr IniJw, 
A Jowrr |»rrTrntayr of rc«iri an<l n lirpor niiitmnl of f4>n* in t)n» 
^trnu whrn pruwjt in fonii* rat/* rotintn»** 

Kt^minAti'in of ^arK'd'* of mrtJirniAl olitnin'il !>> 

frrntmmt of (hr «nh (■ofrlurmr. fiA« Rhoini th.ii ilio nlhnlnnJnl 
rvinlrni of ran f»*(|f»nMr*! afi»l th^^ »4 h'*n!'‘mi‘ inert n^'4 !<y 

a!*om nnr.(h(ftl, «hi!r f<ir <4 fhtun ii»rrr.i«r^ rf frutn o»r-t!iir«f 

to ttro-(!iinf< havr Ikh «4itftto<<l (Itow.rn. IfM.'j 
4 At a rt^nU of iinjifttvcm* nt< of nvi'fifi'.ttKini (4Tf<'t»>iI m ►rtrmi 
inttanrx** hy mifholi iif cnluvAtion. rtriaiii art- now obtainable 
Irom culUrsted pUnlj only. Snrh ilmpt nh- i liaini>nnlt-*, wlmli 
eon«i<t of (lotililrd llowm niol nro (lierrforo only (o l>r oliiaintti hy 
<Tiltivation nml nunt Iw jintfwciiMl lit rnttirip'* Cmmninn nml 
fniil nn* othrr rTanniIr-*. (hr (I i»»»iir of llir [inKliirt in c.trli rn^r 
having l»c(-n ro pn-.a|ly I'.v rnltix-oJion That ilnigs from wild 

plants arc now iiindmi<’'tbl(’ Varittionx n-^nllinp from li.ilninl liavr n 
Similar effect and the inore ifoinhlr earri n tiiglor market 

value, na with pj-nang c!o\(^, and in eonie ca'x'H Ktieli .lamnica 
Rinprr and African rhillo'H, an* |»r*'»cnlie<l for tiualn io>i) ii'c 
!> PrtMliiciion of clnig-* hy ruttuHtum ax-mn-H n reRuIar and (»nstant 
•npply nn*! hnn hel}>pd in eetrrrtl inttniitt-*. xiit h a'* rimloma. 

Arid nulmegH, to f<rcnl cfoirn tnonojxifir* awl fo render the driipt ron- 
wrned Imth clieajier ntid tnorr readily noee^'«il»h' fJriips like eincltoiia 
and pHyUium, for which a prval demand aro^e <juUe mpidU could not 
*>e obtained in KiifUcient qiniitity when the market «a>* <le]K-ndenl 
upon the jirodiice of wild plimta n*nd lit Imlli instaiues niltivation Imn 
reported (n no at to niaininm rr«iihr aixl mifReieiU Kiip|tIieH 
o. OnUivatiori of dnipn in proximiti/tolhe /nrlon/ for 1 he inamifnttnro 
of R.dcnicali in often n diitiiict adx'iinlape. €*^j>e< mlly for innking frenh 
green oxtractH hucIi at green extract of belladoniin Tiie fresh Unig 
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can be taken directly from the field into the factory for immediate 
use, thus preventing deterioration of the drug by careless handling or 
by temporary storage. The yi^d and quality of the products are 
improved and are more easily controlled, while economies are effected 
in labour and in transport. The drying of cultivated drugs in siich a 
factory can also bo arranged under the most advantageous conditions, 
thus avoiding the incidence of decay of the coll contents, a condition 
which rapidly supervenes when there is an interval between collection 
and drying. , 

7. Indirectly, cultivation makes contributions to pure science. Such 
subjects as the r61o of alkaloids and glycosides in the life of the plant ; 
the influence of manures on tho growth of plants and the amount of 
their constituents ; and tho control of diseases attacking plants under 
cultivation can all bo studied. Information relative to moiphology, 
such as tho variation in external features and histological details 
resulting from cultivation and hybridisation is also rendered available. 

Cultivation o! medicinal plants will feud to increase for various 
reasons, mostly economic in character. One important factor is the 
gradual decrease in tho supply of cheap manual labour. Tho cost of 
collecting wild plants will therefore tend to increase until a point is 
reached at which it becomes more economic to cultivate them. The 
spread of agriculture in all parts of the world is steadily decreasing the 
amount of wild, untouched vegetation and is also involving tho 
deliberate destruction of medicinal plants, either because of the risk of 
poisoning resulting from their presence on agricultural land, as in the 
case of belladonna, or because they are troublesome, easily disseminated 
weeds, as in tho case of dandelion. 

The fact that many medicinal plants occur scattered sparsely 
throughout a mixed vegetation also provides a strong incentive to 
cultivation, which completely removes the difficulty of finding and 
recognising the correct plants and in most cases results in a more 
economic production of the drug. There are, however, certain factors, 
which always lead to restriction of cultivation. Wherever abundant 
cheap labour is available, as in tropical Africa and other of tho less 
civilised countries, the collection of drugs like strophanthus can bo 
carried out cheaply and efficiently under a general but quite limited 
supervision. Also when drugs are col/ecfcd in spare time by persons 
like shepherds, whose regular employment takes them over wide 
stretches of ground without fully occupying their attention, it is 
economically possible to obtain supplies of such drugs as gentian, 
veratrum and arnica, which grow on the mountains of central Europe, 
There are two other import.ant factors, and these are, firstly, that 
certain drugs are required in comparatively small quantities, and, 
secondly, that cultivation can only bo economically successful when 
carried out on a largo scale. Henco drugs like male fern and strophan- 
thus, both of which are required in small amounts, are unlikely to be 
produced by cultivation under present conditions. A further difficulty, 
operating in a few instances, is the peculiar habitats of certain plants, 
habitats which are difficult to reproduce artificially, such, for example, 
as tlie sphagnum bogs on which Droacra grows and tho dense trojiical 
forests in which a climbing plant like strophanthus is found naturally. 
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Although there arc manj’ advantage resulting from the adoption 
of cultivation of drug-yielding plants, this method is subject to certain 
definite drawbacks. One of the mort serious is the spread o! disease 
amongst closely growing plants of the’same species and one may 
instance the attack of belladonna by a fungus of the genus Phrjtophora, 


varieties produced by allied species become very difficult to distinguish. 



Fia. 202. Sampluig a few balcx of l>ork at the London Dock (Heap ) 


TRANSPORT AND MARKETING 

Drugs imported into this country come chiefly to London which is 
the centre of distribution for Great Britain and also in many instances 
for the continent of Europe also. There ate many docks in the Port 
^ London, but the great majority of drugs come into the London 
Dock where the steamers arc unloaded at the quayside , a certain 
amount of cargo from large ships is unloaded into barges lower down 
theRiv"'^'--- ’ ' - - - ’ ' 

in the < 
comes 

lower down the river. Most in 

foreign countries to brokers, " 

I^ne and its neighbourhood 
from abroad, not merely in « 
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foreign drug mercliants advise the broking firms of the despatch of the 
goods and when a cargo arrives the brokem concerned obtain samples 
of the merchandise, and at suitable times, usually just before the sales, 
“ drug shows ” are arranged in the brokers’ offices by setting out 
samples of the goods for sale upon their counters. Prospective buyers 
attend these “ drug sho^vs ” and make notes of the parcels they wish 
to buy and the prices they are prepared to offer ; frequently also they 
take samples for examination. On the day folloiving the “ show,” the 
goods are sold by auction at the drug sale which is held in a large 



Fig 203. Sale room of Messrs Hale & Son On the centre and window- 
tables various drugs , on the table to tho left chiefly bristles , on the floor 
sample-bags of drugs (Heap ) 


Sales Room in Mincing Lane. The actual goods are stored in ware* 
houses alongside the wharf at the docks and also in a warehouse at 
Cutler Street ; a certain amount of merchandise is on show at these 
warehouses and is visited there by the buyers who often take samples 
for assay. 

In preparation for the sales each broker issues a list of the goods on 
show at his office or at the warehouses, and these are marked by the 
buyers when examining the specimens exhibited. At the auction the 
brokers offer their goods, taking the stand in the order noted at the 
right-hand lop corner of the sales list. Often much merchandise is 
not disposed of at the actual sale and is frequently sold afterwards 
by private arrangement in the passages about the Sales Boom or in 
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the Btreet — “ on the kerb ” as It is termed — the price arranged being 
known only to tbe buyer and seller. 

Some dnig producers sell their produce to dealers in the country of 
production and these often deal directly with the buyers both in 
LondoUj Xew York, Amsterdara and Hamburg The larger amount 
of drugs, however, passes through the hand-* of the brokers, thus 


IB 

B 






u 

will n»_ 
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of Cliinejie rhuWrb i>» •*hon th«5 rutler Street \Varf-lio5i.'P 
^aJl trass contftm rhitostxM which hiw been broken open Vft show 
the colour and condition of the wtenor (Greenish ) 

embling the buj-ere to form a better opmion of the value of the gooda 
they are purchasmg. 

O^er British ports to which large amounts of ilrugs arc brought 
n Southampton To Hull come cargoes from 

Ipo Baltic and Scandinavia, o51 seeds forming the bulk of the imports ; 
similar cargoes also come from In^, Egypt, Brazil and Chma. To 
Liverpool there comes produce chiefly from West Africa, South 
rw^'ca and the United State* of America and to Southampton 
^ l ^ t* South Africa. The mo«t important continental port* to 
winch drugs arc sent are Ams-teT^m^ which reccii-es drugs from Java 
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and the East Indies, especially cinchona, coca leaves, nutmegs, cloves, 
mace and cinnamon, and Hamburg to which a great variety of produce 
is sent. 

Many drugs were formerly sorted and graded at the docks and some 
are still so treated. Such consignments of drugs are said to he 
“ worked,” a term which includes both bullcing and garbling. By 
hulldng is meant that the packages are emptied on to the floor of the 
warehouse and the contents mixed and repacked ; this is ohen done 
with cardamoms, tragacanth, pepper and tea. Other drugs are 
“ garbled,” that is to say, the consignments are picked over carefully 
to remove extraneous matter, and are then sorted into different grades, 



Fio 205 Working tragacanth. (Heap.) 


which are finally repacked and offered at varying prices. Rhubarb, 
nutmegs and myrrh are examples of drugs which are often “ garbled ” 
at the docks. Much further cleaning and picking over is done at the 
warehouses of wholesalers to remove extraneous matter and to produce 
grades. Eor example, a bale of senna leaves is put on to a mechanical 
shaker and sifter which divides the contents of the bale automatically 
into pods, leaves and ^rt, each of which is delivered by the machine into 
a special container. Other examples are calumba root, which is usually 
washed and redried by the wholesaler, and rhubarb which is trimmed 
and dusted with powdered rhubarb. As a result of these operations very 
few drugs arrive in the hands of the pharmacist or distributor in the 
condition in which they were imported, but have usually been graded 
or bulked at some stage of marketing. 




suaix(f, nLKACnixa, etc. 


•i7;{ 


ACQUISITION OF DIAGNOSTIC CHARACTERS 
During tho treatment to wliich drugs arc subjected in the stages of 
cultivation, collection, packing and marketing, important diagnostic 
characters arc often given to tho commercial article. As a result crudo 
drugs frequently c.vhibit notable features which aro quite unrelated 
to tho plants or animals which yield thorn. A mimbor of such instances 
may be briefly summarised. 

Drugs eollectetl from wild plants often differ from tho^e from 
cultivated plants because of modifications resulting from the cultivation 
itself or from the methods of collection. Thus cinchona from largo 
trees in the Andes is often in very largo pieces known as " flats ” or in 
heavy quills, while cultivated bark is in metlium or small quills or, 
in the cose of root bark, in small pieces Cinnamon from wild trees is a 
heavy bark with a coarse flavour ; that from cnltiratcd plant.s is in 
small quills with a more agreeable flavour Tlie root of cultivated 
aconite is usually collected in the autumn after the stem has died 
down and hence English root, which is mainly cultivated, con.si.st8 of 
plump tubers with a hud at tho summit. German aconite is usually 
gathered from wild plants in flower, and henco is more shrunken and 
has tho base of the stem attache<l above and may also sometimes have 
a small daughter root at tho side. Digitalis, collected from cultivated 
plants, consists of leaves only, collected imlividnally , belladonna, 
stramonium and hyoicynmus are collected with the tops, including 
flowers. Galbanum and asafetUla, though not obtained from cultivated 
punts, contain fruits and slices of the roots, characters resulting from 

, ' to a drug, 

•d incisions 

' ‘ ‘ • • aracteristic 

markings. 

Scrapii^ and similar processes resulting in the removal of outer 
tissues give marked characters to drugs such ns cinnamon. quiUaia, 
ginger, marshmallow root, rhubarb, liquorice, colocjTith and white 
pepper. The treatment of cinnamon m preparation results in tho 
production of a very thin bark in small quills and makes evident tho 
ongitudinal yellow lines — small bundles of pericyclic fibres— on the 
? . Colocymtii from different sources may be recogni'sed 

''nriation in treatment, thus whole unpoelcd colocynth cornea 
^iog^idore, peeled unbroken fniits from Turkey, while peeled 
fruits come from Egypt. 

Sucing preparatory to drying necessarily imparts marked features to 
a commercial article. Examples are calumba, dried colchicum corm, 
squill and sometimes jalap which are sliced transversely, and 
eiiadonna root, valerian, veratrum and sometimes gmger, which aro 
Sliced longitudinally. 

Bleaching alters the appearance of certain plants and drugs when 
^ ey are being prepared for the market. Chondnis crispus, a red 
awced, appears in commerce as a palo cream coloured drug Wiito 
is produced by bleaching. A different kind of bleaching 

applied to some commercial varieties of ginger, orris and nutmeg. 
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whicii are coated with a layer of calcium carbonate or sulphate, a 
custom which is undesirable. 

The method of concentration of fluids and the type of mould used to 
contain them while cooling, give to certain products important 
characters. Hepatic varieties of aloes acquire their opacity by a slow 
process of evaporation, resulting in the formation of multitudinous 
small crystals, while the vitreous kinds owe their transparency to 
rapid concentration of tho fluid, which gives an amorphous product. 
The type of mould imprints characters on certain drugs as in the case 
of gamboge, which shows longitudinal striations caused by the fibrous 
strands on the inner surface of the hollow bamboos in which the 
gum-resin is allowed to solidify. Similarly black catechu and some 
specimens of eocotrine aloes have leaves adhering to the exterior, 
because the moulds into which the fluids nro poured are lined with 
leaves. Sheet gelatin is dried on wire-netting and elaterium on muslin 
and the impress of the material is seen in each case on the surface of tho 
commercial article. 

Treatment in preparation for packing and transport gives notable 
characters to several drugs. Tho characteristic transverse lines on 
leaflets of Indian senna and on twigs of ephedra result from the strong 
compression used in making the bales. Indian hemp in the form of 

guaza ” is flattened by tho pressure of trampling feet and in the form 
of “ ganjah ” is rendered more or Jess cylindrical by rolling under foot 
or in the hands. Zanzibar aloes is poured into skins of small carnivorous 
animals in preparation for export and pieces of skin in the drug 
indicate its source. Opium from Turkey is now usually imported in 
cylindrical cakes covered with a coating of coarsely powdered poppy 
leaves, while Persian opium is in rectangular blocks wrapped in paper, 
often brightly coloured. 

Enzyme action, encouraged during the preparation of the drug, is 
responsible for giving new and marked characters to particular drugs 
such as gentian, valerian, vanilla, tea and cola. 


DETERIORATION AND STORAGE 

The fundamental influences wluch arc responsible for the deteriora- 
tion of drugs and which must be considered in relation to storage 
are humidity, light, temperatiiro and the oxj’gcn of the air. The more 
visible agents of deterioration arise secondarily as a re.sidt of growths, 
whicli can occur only under certain conditions of humidity and 
temperature and upon material providing a suitable nutrient sub- 
stratum. There are in the atmosphere innumerable spores and germs 
which settle upon all exposed surfaces in the form of dust and, if tho 
Immidity and temperature are suitable, they will quickly germinate 
and develop into organisms, such as bacteria, moulds, mites nnd 
insects, all of which will attack drugs when conditions are favourable. 
As protoplasm cannot exist without sufficient moisture, it is a suitable 
degree of humidity which most largely affects tlic development of these 
living organisms. The other important factor is temperature, w’htch 
must bo higher than about 10® C. if organisms nro to grow and multiply 
freely. All these points need to be kept in mind when quc.stions of 
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storage are being considered with a view to preventing deterioration 
of the stock. 

Moistoie alone is sufficient in many instances to affect drugs 
adversely. The active principles of digitahs and of ergot undergo 
rapid change, resulting from the presence of enzymes, which only 
need a sufficient degree of moisture to activate them, and in tJie case 
of digitahs this is any amount over 6 per cent Starch, gelatin, sqiidl 
and other hygroscopic materials quickly become deteriorated by 
absorbing considerable amounts of moisture from a humid atmosphere, 
light adversely affects many drags, especially those possessing marked 
colour. Rhubarb rapidly changes from yellow to a rcddisli tint ; 
petals of rose, flowers of henbane and other coloured or white corollas 
quickly turn bro^vn ; digitalis also loses its activity more rapidly in 
sunlight, and aantonin slowly darkens to orange and eventually 
becomes black. Polarised light has been shown to produce changes 
more rapidly than ordinary light and, ns reflected light is always to 
some extent polarised, direct sunlight reflected on to drugs m store will 
bring about rapid deterioration It has been shown, for example, 
that polarised light rapidly brings about the decomposition of the 
active principles of digitalis in its tincture. Temperature has marked 
effects, sometimes unsuspected Iffany enzyme changes proceed more 
rapidly at a slightly raised temperature and similar conditions will often 
induce molecular rearrangements. A good example of the latter 
condition is that of absort^nt cotton , the molecules m the slight 
residue of fatty matter of the cuticle gradually become reoriented m 
such a way that water cannot penetrate the extremely thin film and 
the cotton, once fully absorbent, l<«es this property and eventually 
becomes entirely non-absoebent , this change is much hastened by 
wising the temperature slightly above the normal air temperature. 
Other drugs directly affected by temperature ore those containing 
volatile oils, such as buchu, chamomile flowers, ginger and asafetida. 
direct oxidation of constituents of drugs la sometimes brought about 
by the oxygen o! the air ; thus linseed oil and the cannabinol of mdian 
hemp rapidly become resimfied ; oil of turpentine ami oil of lemon 
also expcricnco a similar change. Colophony, if powdered, quickly 
niters in constitution and becomes mucli less soluble m light petroleum, 
apparently by a change in the abictic acids. 

In addition to these changes due directly to environmental factors, 
there are also the more visible secondary effects produced by the 
development of Hvmg organisms m dru^. The more common of such 
organisms belong to the groups bactena, moulds, mites, nematode 
worms and insects. The effects produced by bacteria aro not always 
verj’ visible, but m tlio case of the ebromogeme species, their presence 
is quickly recognised. For example, iiacilltta {ChramohadcTinin) 
VTodt^iosus produces red patches on bread, paste, potatoes and other 
starchy materials. For other bacteria, the effect of tlieir presence is 
not immediately evident. This liappcna wth cotton fibres, which aro 
eventually rendered verj* brittle by Imctcrinl attack, thus causing the 
trichomes to break into short lengths, which make the cotlon*wool 
ohjeclionally dusty. Tlvo moulds nu^t frequently prc^'cnt aro those 
found attacking foodstuffs as well as dru^ and belong chiefly to the 
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groups Mncor, PctiiciUium niid Eurolium. The m^'ccHiiin of delicate 
hyplifc produces an unplcasaTit mass of clinging particles in powdered 
tlriiga and in sucli materials as Iwycopodiiim, which have become tlamp. 

TJio variety of mould can Lp recopiiswl by its fructifications, which 
aro carried upon vortical branches arising from the jnycclimn. Mucor, 



Fio. 20G. Fungi which CAum mouldinem in drop». A, Mucor mucetlo, 
prey mould, fl, Ilhi:opun niyrican*, hlock mould, C, Kurotium repent, 
preon mould. J), /’ruiciV/jiim glauaim. blue mould. All X 200, a, e and 
</, Rpormg heailn of Wiiznput, Eurolium anti Prnici//«»m rctpoctivoly. 
All X 400. 



Fia. 207, Mites ^>h^<’h attack drugs. I. Olycipfingus epinipee, Koch. 

2, Tyroglyplius longior Oorvois. 3. Tyrogtyphut tiro Linn, common 
checso mito. 4. Aleuro>iiua farina: Kocli, common flour mite. fi. Histio- 
gaster emlomophagua LnbouIlK'no. C. Cheyltlut eruditus, Sclirank, 
carnivorous mite, 7. Glyciphagut futeut Oudemans. 3a. egg, and 3t>, 
empty egg case of T. rftro. AH X 50. la ami 2a. Imrs ofG. tpinipet and 
T. longior respocth-oly. Both X ICO. 1. 2, 5 and 4 ofter Michael; 

6, 0 and 7 after Ke^rstead and JfoiTia. 

groy mould, and Rhizopui, black mould, Imvo ft spherical sporangium 
containing very numorotis minuto qrores ; PenicUlium, blue mould, 
produces long strings of spores nrisuig from the tips of branches of tho 
upright conidiophoro and Eurolium, green mould, lias an imbronchod 
conidiophore bearing a mop-like head of strings of spores ; sco Fig. 206. 

Mites and sometimes nematode worms may also be found infesting 
drugs in largo numbers. Tho mites are those commonly found in 
foodstuffs and include Tyroglyphm airo, the common cheese mite ; 
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Ahurobiu^ Jarinw, the flour mito ; and Qlycyphagus spintpca, which 
sometimes swarms on cantharides. The mites belong to tho same 
group of animals as the spiders and can bo recognised under tho 
microscope bj’ tho possession of four pairs of legs (three pairs m tho 
larva) and by the more or less oval form of tho body, which shou’s n 
division into two parts, named respectively the cophalothorax 
(corresponding to tho head and thorax of an insect) and tho abdomen. 
Tho mites appear as glistening, bladdery specks, just ^^siblo to the 
naked eye, in such substances as crushed linseed, wheat flour and 
oatmeal, in which they multiply very rapidly and frequcntl)’ sivarm 
in countless numbers. The best kno^vn example of a nematodo worm 
is the common “ vinegar ccl,” acch, and a second esamplo 



I'iC. 2O3. InM'ctA which attack <lru(r«. I. Fcnnica m/n Lmn 2 Cn!a<ulr^ 
tt^nnna Litm, 2rt, lor\-a. on<l 26, pupa of tho damp. 3 Cn/on«/rn or!/:<f 
^*ab. 4 . Stegobiitm panictum Lmn. 4rt. m<1p vipw of tho <«ninp 6. 

6runncu# Dft. 0. Mtptua hoMtueuf Fold. 7. L'jctut {«rurin<n» Stpph. 
All X 4 8 iJtfrthfliMffnu Stnmton. 0 Epht^lia 

Zeller. Both X 2. 46, antenna of5. pua'pco X 40. 

»« a similar worm, AngttiUuIa fnfici, somotimes found in vhent flour. 
Tlieac Worms are just visible to tho unaidctl eye a.s minute threads 
continually curling and tn'isting in the metlium they inhabit. 

Insects of various kinds often occur in large numbers in parcels of 
tlnigs. They mostly belong to tho moths, Ix'jmloptera, or tho beetles, 
Coleoptora, but ono also finds auch insects ns cockroaches, ortlcr 
Orthoptera, and ants, order Iljmcnoptcm. Cockroaches {lUalla »p.) 
may infest tho premises genemliy, nml nuts, Fornucid.'e, Komotinies 
Occur m such articles ns linsecsl meal. Five small Ix^ctles are very 
common : thow' arc Stfgobium jxiniccum Liun. (*=* SiMrcjut j^rnictn), 
the drup-room licctle ; Plinus bninneus, the tirosvn spulcr l>eotlo ; 
NiptiL* holoteueus, the polilen spider liectle ; Lyrtu^ bmnnru^, iho 
I*owilpr.post 1*t>ctle ; nml Cofandmymn/in’rt, the granarj" wis'Vil The**** 
are all quite small insects, Ix'ing frr»m 2 to S mm long, and they 
holes into all kinds of materials. The d'lin.ngi' is tlone chielly by the 
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larva), which, as they feed, bore tunnels into the drugs, produc 
quantities of fine powder commonly called " pore-dust.” 

The beetles may bo mcognised by tho following characters ; — 

Siegohiumpaniceumhmn. (» Sitodrepa pantcea), the drug-room beetli 
oval-oblong m outlino, retidish-brown with a greyish or wlutish pubescei 
About 2 to 3 mm. long. Tho elytra have fine, punctated longitndi 
stnaj. Tho ontenn® are distant at the base and tho last three joints 
enlarged and broader than tho preceding one.s ; tho second joint of 
antenna is twjco ns long ns tho third. 

Ptintis brunneus, tho brown spider beetle, is oval in outline, 2 to 4 n 
long, bro^m in colour with a distinct central furrow on tho thot 
Tho elytra have fairly strongly jmnetated stria) and there are no whit 
pubescent patches. The antennro are contiguous at tho base. 

Niptifs kotolcucus, tho golden spider beetle, is nearly globular in foi 
3 to 4 nun. long and covered with a silkj' -golden pubescence. Tho nnten 
are contiguous at tho base, long and rather slender. 

Lycttis bninnms, the powder-post beetle, is oblong and about 3 
6 mm. long, glossy rwldish-brown in colour. Tlio prothorax is wider 
front than behind and has a shallow longitudinal furrow down tho cent 
Tho first ventral segment of tho abdomen is much elongated. Tho ftnten 
nro elub-shapod, tho lost two joints being larger than tlio remainder. 

Calandra gramnot tho gram wcovil, is narrowly ovnfe and about 2 
3'6 mm. long, brownish-black in colour. Tho hcod js narrowed in fr< 
and proIongc<l into a rostrum to which tho gemculato antennro t 
attached. The thorax is about as long as tho elytra and is marked wi 
largo oblong punctures not very clo.**© togetlior. Tho elytra have de< 
pimetato longitudinal atriro. Calandra orj/scr, tho neo wewil, ia simii 
but is slightly smaUor and has two orange-coJouretl patclies at tho ap 
and tho base of the oli'tra. 

The most common moths are Borkhausenxa pstndosprsklla, Epkesi 
kukniella, the Mediterranean flour moth, and Plodia interpunctdla, ti 
Indian meal moth, all of which belong to tho family Pyraiidao and a 
grey in tint. The moths themselves are unable to damage dnigs, b 
they laj* their eggs in tho dried vegetable material, and the gni 
which hatch out feed tipon tho drag and rapidly reduce it to powde 
They attack such materials as valerian root, henbane leaves ar 
poppy hea^. 

Tile most common of the'^o moths is Borkhausenia pseudospretell 
which can be quickly recognised by tlie fore-wiiigs, which are pale bro«iii‘ 
and marked by three large fuscous spots near tho centre, the hinder marg: 
and the apical thirtl of tlie costa are spotted with dark fuscous. Tl 
moth with closed wings is about 10 mm. long and the licad iias larf 
curved and ascending labial palp®. The nouration of the wings is ah 
characteristic. 

These various animal pests produce quantities of droppings, whic 
form a good nidus for the growth of bacteria and moulds, and as 
result the whole stock soon becomes an unpleasantly smelling ma? 
of crumbling drug containing much powtlcr largely formed int 
clinging masses held together hy fungal lij-ph® or the webbing spui 
by caterpillars about to pupate. Materials winch have thus becom 
badly infected are best destroyied by burning, and the store places ii 
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Premises and Igoods Isvliicli have Ijccomo infested l»y insect mid similar 
pests enn be freed fiom tliemby Bomoformof fumigation, the most effective 
method being tlio uso of liydrooynnic acid. For the treatment of small 
rooms, cupboards or boxes, t)io most generally useful fumigant is carbon 
ilisulpiiide, which is applied by placing a saucer containing the liquid, or a 
piece of cotton-wool soaked with the liquid, upon the top of the articles 
to bo fumigated in a laigo box or clinmber, which can be secuiclj’ closed ; 
the heavy vapoui of tho liquid falls down and penetmtes the contents of 
tlio box, destroying the insects which infest them. A suitablo amoiuit of 
carbon disuljiliido is about 1 fluid ounce for oveiy 10 cubic feet, and tho 
box should bo left closed for about foity-cigbt hoiiis Owing to tho 



Fto 209 Drying dandelion root by hot air. Note tho barrels for storago 
of tlw dried <(ruga. 


highly inflammable and explosive nature of the vapour and its unpleasant 
odour, the fumigation chamber should be kept in tho ojien air and away 
from any possible contact svith flame 

Drugs are maintained in a sound condition by adopting proper 
methods of storage, and a study of the causes of deterioration enables 
one to perceive the general principles which must govern conditions 
of storage. It is clear that dryness is the most fundamental require- 
ment, since no living organism can exist or develop without a minimum 
of moisture ; for example, it has been showh that mites are unable to 
develop in flour if the moisture content is maintained below 1 1 per cent. 
(Newstead and Morris, 1920) and that a moisture content below 9 per 
cent prevents the growth of bacteria and fungi upon cotton-wool 
(Preston, 1933). Next to moisture, light and temperature should 
bo controlled and the access to the drugs of spore'* and of living 
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nisms must he prevented. These conditions may l>e satisfied by 
rent means, and the exact method adopted for any given drug 
not necessarily be the same in all circumstances. Wholesale 
flies and cultivators’ stores may be satisfactorily controlled by 
lods which are quite unsuitable for use by a retailer. For example, 
3S of dried leaves or roots can be safely kept by the grower or 
lesaler in large loosely closed containers, such as barrels or bins, 
je dryjng room itself ; but as soon as they are to be transported 
Inhere it becomes necessary to consider the type of container for 
:ing and storage in places where external conditions are continually 
ing. Well-closed opaque containers fulfil most of the necessary 
itions, additional precautions being adopted for specially sensitive 
wials. Much depends upon the rate at which supplies are used, 
whore the demand for a drug is so small that an ordinary container 
remain more or less filled for many months or even years it is 
ssary to provide some means of controlling the humidity within 
container, which will bo affected every time some of the drug 
moved for use ; this applies notably in connection with drugs like 
lered squill, digitalis and ergo 
lifBculty ; one is to store the 

4 containers, as is often dom • • • 

itain a dry atmosphere by th 

lclimo> a method which is particularly useful for powdered squill 
for drugs possessing delicate colours such as occur in the petals of 
irs. A common plan is to use a bottle having a wide roouth and a 
t hollow stopper into which the quicklime is put and is kept in 
jbycovei' ' ' • with a piece of chamois 

ler. The ■ • ’ • m be largely prevented 

fio use of ' is preferred to metal or 

r opaque material and when it is Inconvenient to store the bottles 
dark room. Generally speaking, it seems better, when making 
I in relation to storage, to specify the kind of environment which 
Id be maintained, rather than to require the use of some particular 
of container. 

le fact that a raised temperature facilitate.*? tlie production of a 
atmosphere may cause one to overlook the other deleterious 
ges that the heat may produce, for it js often necessary to store 
les in a cool place as well as in a diy Atmosphere. This applies 
ich materials as cotton-wool, chamomiles and other commodities 
lining volatile oil ; it is, in fact, generally desirable that a store 
} should be cool as well as dry. A low temperature is also useful 
event the development of spores and eggs which, generally speak- 
iro unable to develop unless the temperatiwe is higher than about 
1. For this reason cold storage in some form of refrigerator is a 
ible means of preventing the development of living organisms in 
inds of drugs and enables one to store large stocks of substances 
h are particularly prone to attack. 

ADULTERATION AND ITS DETECTION 
my methods have been and are still used for the adulteration of 

5 drugs. In general, adulteration occurs when a drug is scarce or 
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when the price of a drug is normally high, though there may he no 
scarcity. The adulterant must bo some material which is both cheap 
and available in fairly large amount. Availability and price limit 
therefore the range of substitute from which the adulterator can select 
suitable material. Consequently, it one keeps a record of adulterants, 
which have occurred from time to time, the list is almost certain to 
include any material that is likely to be so used at the present time. 
Another factor to bear in mind, when making records, is that these 

‘ ’ ’ ' ” ' » • .1 < . ’(litjQJj tQ 

' ■■ example, 
' con-sist* 
ocords of 

ad^ulterants used for tea will include practically all likely materials, and 


general texture of the powder which are more important than external 
macrogcopical resemblance. Hence, with powders, one must remember 
that the powder may have been made from an adulterated imground 
dnig or some powdered material may have been mixed with powder 
of a genuine article. Hence the adulterant may bo any kind of 
material, not necessarily belonging to the same morphological group 
as that of the genuine drug, for example, powdeied guaiacum wood 
hw been used to adulterate powdered nux vomica and dextrin to mix 
with powdered ipecacuanha. 

The methods used for adulteration may bo grouped as follows : — 

1. Manufacture of substitutes. Materials are artificially manu< 
factured so as to simulate the general form and appearance of various 


imitated by compressing powdered cbicorj' to the shape ot cotlco 
berries Paraflin wax coloured yellow has been substituted for beeswax 

• ■ nercial varieties For example, 

j senna) and Provence senna {C. 
aitriculaUi) have been used to adulterate senna ; Cochin, African and 
Japanese ginger to adulterate ginger , Smyrna tragacanth and hog 
tragacanth as subatitiitcs for tragacanth , Capsicum annuum fruits 
and Japanese cliillica for fruits of Capsiewm minimum and fruits of 
\*nriou3 species of Piper, e.g,, P. Clusii and P imeong for culwhs. 

3- Substitution of exlinusted drugs. Some commodities aro used in 
very largo amounts for the mnmifacturo of preparations after which 
tho vegetable residue retains veiy much the appearance of the original 
material. Sometimes as in tho prci»aration of volatile oils from eJovea 
or from umbelliferous fniits sucIj as caraway and fennel, the imground 




¥ia 210. 0\iv© BtoTica. .A, nwdennis and t^llapsed layers of the teata ‘ 
B, epiderroia of endoaperm of »eed C, innermost loyers of stone cells of 
the endocarp (stone). D, isolated colls from inner layer of the stone. 

E, vascular strand from the mesocarp. F, fragment of pulp of mesocarp. 

O, dbrea H and i e , inner epidennis of endocarp ; ol, oil droplet 
All X 240. 

(b) Bistology mid J/tcroscopico^ J/orpRoZojy Tliia ig valuable both 
c j -ir • ’ . nany adulterants 

■ • calcium oxalate 

■ nchomea. Thu? 

Surinam quassia is recognised by the absence of calcium oxalate and 

5 varieties of senna 
manyadulterants 
1 • V 0 storaotal index ; 
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rhuljarb and ginger by tlieir nondignificd vesael» ; chilHi's 

and fruits of Capsicum annnum in powdered cayenno pepper by the 
cells of the opidermis of Uxq pericarp and I’arietiea of aloes by the 
presence or absence of crystoh of atom. See details under drugs named. 

(c) jl/icro5a>pt«il Linear Measurements, The diameter of starch 
grains will distinguish \'arictics of ipecacuanha and also distinguish 
cassia bark from citmamon and wiU detect senna stalk in powdered 
senna leaf. Tho length of tho stomata in leaves of Barosma bciuUna 
wU exclude leaves of other species of JhirMma, the diameter of phloem 
fibres will delect ca*«sia in cinnamon and the width of tho vessels helps 
to detect clove stalks in powdered cloves. Measurement of diameter 
is also a valuable fealuro for tlio identification of commercial starches 
and for the detection in them of foreign atarclu Tim height of the 
sclcrcuchymnlous cells in tho testa of cardamdm will indicate the 
presence of certain inferior varieties (Fairbaim, 1015). 

(d) Solubilities, cgpecially exceptional behaviour towards solvents, 

are tisefu! for tho examination of many oils, olco-rcsins, etc. KxampleH 
of pecuiinntics are tho solubility of colophony in light petroleum ; tho 
solubility' of balsam of Peru in solution of chloral hydrate ; the 
solubility of castor oil in half ita volume of light petroleum and the 
turbidity produced with tu-o volumes of tho solvent ; tho solubility' 
of bnlfiftm of Peru in an e<tual vei-— / * . ' ’joJ, DO per cent., and the 
productionof *. • , and a similar behaviour 

ol copaiba I . ‘ ' 1 .iroltum. 

(«) Qua/i/i ‘i\ t/ti/mMl Tests, Most of tlieso tests are colour tests 
whiolj arc sjwcific for certain substances. Kxampfes are Halphen’s 
teat for cotton-BCC(J oil and Baudouin's test for sesame oil in olive oil ; 
tho test wilii acetic and nitric acids for Gurjun bftls.am in copaiba ; the 
copper acetate test for colo}«hony which occurs as an adulterant for 
balsams, rcsias and waxes. Tlic iodine test for Btarch will immediately 
dislinpiish Persian and Smyrna Iragacantb, stcrculia gum and carob 
g\im. General tests for alkaloid, anthraquinono derivatives and 
cyonophoric glycosides arc all of great value. 

(/) Physical constants such ns specific grarity, optical rotation, 
viscosity, TClractivo index nro especially* vahmblo for oils and fata, 
oloo'resins, balsams and similar substances. 

{g) VltTa-violti Light. Sfany* drugs fluoresce when the cut surface 
or the powder is exposed to ultra-violet radiation, and it is a useful 
routine procedure to examiao in wUra-violct light all material upon 
which one is required to report. For a few drugs ultra-violet light 
will give information which cannot be obtained by other means. For 
example, eome piecc-s of rhapontic, Indian and Chinese rhubarb are 
very’ diffienU to distiuguish WJtb certainty and tho difficulty is much 
increased when tlacy nro powdered. Examination in t3ltra-\'iolet light 
gives such marked differences in fluorescence that tho varieties can bo 
easily distinguished. A similar tuition exists with respect to tho roots 
of 2>crn‘s dliptica,, I>, mahccensis and Londiocarpus nicou, and these 
again can ^ distinguished by their characteristic fluorescence ; for 
details see the individual drugs. 

To a certain extent the results can bo made quantitative. With 
unground rhubarb or derris the pieces in a mixture may be sorted into 
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varieties and the amounts determined. With powders one can often 
give some approximate result by comparing the specimen with 
mixtures of Imown composition. 

p , , , t 11 M , 1 .11 1 


not exhibit a similar fluorescence. 

Tests more especially useful for judging quality are those that 
determine the amount present of certain specified stnlctures or 
constituents. 

(h) Processes of assay for alkaloid, resin, glycoside, vitamins or 
other constituent. Examples are the assay of total alkaloid in bella* 
donna herb, the strychnine in nux vomica, the total alkaloid and 
non-phenolic alkaloid in ipecacuanha, the resin in jalap, the cardiac 
activity in digitalis and the vitamins in cod-liver oil. The results 
obtained will detect the presence of inferior or exhausted drug and, 
by proving absence of the assayed constituent, will suggest complete 
Rubatitution of a worthless article. Tests of identity made upon the 
purified constituent extracted in an assay will confirm the nature ofv 
the drug under examination or may afford information suggesting 
irregularity or substitution. 

(») Yield to solvents. This provides a process of assay for drugs, 
such as linseed, which contain fixed oil m an important constituent, 


upon the drug itself, as happens when colocynth seeds are mixed with 
of tolu, catechu, etc. 

(fc) Ash. The determination of asU is useful for detecting low-grade 
products, exhausted drugs and excess of sandy or earthy matter ; it 
is more especially applicable to powdered drugs. Different types of 
ash figures are used such as total ash, acid insoluble ash and water 
soluble ash. A total ash figure is useful to exclude drugs which have 



oxalate, sometimes in large amounts and the amount is often very 
variable. A total ash therefor© may vary within wide limits for 
specimens of genuine drug as it does in rhubarb, where the recorded 
values for total ash range from 8 to 40 iier cent., a variation duo to 
differences in the content of calcium oxalate ; the total a.sh is therefore 
useless to detect earthy matter a^crent to such a inig. Since, 
however, the calcium oxide or carbonate, yielded by the incinerated 


niLus'i rnitv 
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can oljtain ovidence of the presence of cxcessire earthy matter, which 
is Jikely to occur with roots and rhizomes and with leaves which arg 
densely pubescent, like those of foxglove, or are clothed with abundant 
triehomos secreting resin, as in henbane, and tend to retain earthy- 
matter splashed on to them during heavy rainstorms. 

The water-soluble ash is used to defect the presence of material 
exliansted by water and ia used more especially for tea leaves and 
ginger rhizome. The total ash of ginger varies from about 2*5 to 
C per cent, and the water -soluble ash from 1-9 to 3 0 per cent. ; for 
spent ginger, exhausted by wafer, tho total ash is from 2 to 4 per cent, 
and tho water-soluble ash from 0*2 to 0'6 per cent. The water-soluble 
ash is therefore subject to a much greater reduction than is tho total 
ash and is thereforo used as an important indication of tho presence of 
exhavisted material substituted for tho genuine article ; the water- 
soluble ash of ginger should not bo less than 1*7 per cent. Tea has a 
total aah of about 6 to 7 per cent., a water-soluble ash of about 3'2 to 
4‘2 per cent. ; exhausted tea has an average total ash of about 4*4, a 
water-soluble ash of about 0*7 per cent, and it is generally accepted 
that tho solublo ash of genuine tea should not fall below 3-0 per cent. 
^Vhcn examining tea a further chock is usually applied by determining 
tho alkalinity of tho wator-solublo ash, tho result being e^qjressed as 
potassium oxide (KjO) ; thia should not bo less than 1*3 per cent. 

(0 Crude Fibre. Determination of crude fibre by the method of the 
Ministry of Agriculture and Fisherica is used to detect excessive woody 
material. It is particularly tiscful to determine the presence of clove 
stalks in cloves, tho crude fibre of cloves being about 0*2 to 9*8 per 
cent., while that of clove stalks is about 13-6 per cent, ; good cloves 
should not yield more than 10 per cent, of crude fibre. 

(m) Quantitative Microscopy. 'Whenohemical and pbysicftlmethods 
are inapplicable, as often happens -mth powdered drugs, in certain 
instances one can determino the proportions of the substances present 
by means of tho microacopo. Starches or starchy drugs, when, used as 
adulterants, can be determined by counting the number of starch 
grains per milligramme and calculoting tho amount from the known 
number of starch grains per mil J/grammo of tho pare starch or starchy 
material. Thus if spent ginger is tho pd".'' • > kno\TO that 

ginger contains 280.000 ■ •• ... 1 tie amount 

used»='’- ' ’ ‘ ' • For leaves, 

tlio . ' ■ • measured and from 

kno-^ . ■ ■ ■ ’ ‘ ; ....xufii orca of the leaves concerned one 

can i ' - lay proportions present. If tho leaf or starch is one for 
which a constant is not available, it is necessary to determine one by a 
preliminary experiment. Certain barks in powder can be determined 
by measuring the total area of fibre per gramme and calculating from 
known constants ; when, for "example, cassia is substituted for 
cinnamon, either wholly or in part, one can use the established data 
that powdered cinnamon has a mean area of 85 sq, cm. of fibres per 
gramifie, and powdered cassia has a mean area of only U'75 sq. cm. 
of fibres per gramme (Saber, 1940), For experimental details, see 
“ Practical Pbarmacognosy,” by Wallis. 
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STANDARDS 

It is important that drugs should bo uniform in quality, both as 
regards origin and cleanliness and also irith respect to the content of 
therapeutically active constituents. Such uniformity is nocessarj’ to 
ensure an expected oflcct svlicn a particular dose is prescribed and also 
to assist the pharmacist in making galenicals which will always be of 
uniform strength. 

Uniformity of quality is promoted by the use of standards which are 
numerical quantities by which the quality of commodities may be 
assessed. Tlio information upon which standards may bo based is 
obtained bj' a study of tho gcnuino drug, the methods used for adultera- 
tion and tho means adopted for the detection of adulteration. In 
proposing standards for crude drugs there are three sets of properties 
of the thugs which may bo considered. The first comprises tho 
structural form, the second concerns the constituents of tho material, 
and the third relates to its physical characters ; there are therefore 
three kinds of pharmacognostical standards in common use, viz., 
(1) structural standards, (2) analytical standards, (3) physical constants. 
All standards impose limits and structural standards limit the 
amount of certain named parts of the organism concerned which may 
be included in tho drug when they occur as a result of carelessness 
during tho process of collection or preparation or both and they also 
limit the amount of other foreign structures consisting of materials 
deliberately added in partial or complete substitution of the genuine 
article, with a view to obtaining greater profits or to make up bulk. 
Analytical standards require the presence of minimum amounts of 
useful constituents, some of which aro definite substances such as 
strychnine, quinine, cantharidin aud balsamic esters, while others ate 
less definite and include such materials as water-soluble extract, yield 
to alcohol, etc. A third type of material limited analytically is mineral 
matter and for this purpose a maximum limit Is imposed in the form of 
total ash and acid-insoluble ash. Physical constants are properties 
such as density, refractive index, average mass of such plant members 
as seeds and starch grains. 

The introduction of standards may create new and unforeseen 
difficulties. A standard for tho amount of active constituent always 
tends to be a low one so as to include most commercial material of good 
average quality As a result there may be a temptation to reduce all 
supplies of certain drugs to the low standard by blending poorer 
qualities with better. Such manipulation is more likely to occur with 
powdered drugs than with unground drugs, and the establishment of 
low standards with narrow limits for powders has led to undesirable 
results, chiefly because the standards set are considerably lower than 
the quality of a good commercial article. For example, it happens 
with certain drugs that during preparation the stems become almost 
entirely separate from the leaves and other parts and, when the 
nnalj'tical standard is so low that the stems contain sufficient active 
j)rinciple to coraplj* with it, these stems, which would otherwise be 
waste material, have been powdered and sold as the powdered drug 
The remainder of the drug, having a much higher content of active 
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constituent, can then he used by tho manufacturer for the economical 
preparation of galenicals.. One unfortunate result, therefore, of 
standardisation has been to contribute an important factor in the 
removal of tho manufacture of galenicals and medicaments from the 
sphere of tho individual pharmacist and to bring it almost exclusively 
•within the province of tho wholesaler. 



Fia. 211. Woodcut from tho OrtuB Sanitatia 1491, representing tho study 
of Materia Medico in tho 16th and 16th centuries. 




APPENDIX 
CALCIUM OXALATE 


Calcium oxalate is the substance which occurs most abundantly in 
plant tissues in the form of well-developed crystals. These crystals 
vary very widely in size and appearance and some explanation seems 
necessary to account for the great diversity they exhibit. 

which are distinguislie<l 
“ and m all the systems, 
•e one or more axes of 

symmetry. The six systems are : — 

1. Cabic. Isometric or Regular which has three equal axes, oU 

at right angles to one another, A simple form is th© cube. 

2. Tetragonal or Quadratic system having three axes all at right angles 
to one another ; two axes are equal and are known as the lateral axes, 
while the third is shorter or longer than the others and is known as the 
vertical or principal axis. A simple is the right square prism. 

3. Hexagonal or Rhombohodral ^tom has four axes, thre© of which 
aro equal and m tho same plane and at an angle of CO degrees to one 

* ‘ *’ ■’ *’ a and ot right 

' ‘ ), nomed tlio ■ 

hexagonal and ihombohcdral systems respectively, making a total of 
seven systems instead of six. 

4. Rbomble or Prismatic system has three axes, all at right angles to 

one another, but all unequal in length. A simple form is the right 
rectangular prism. ' 

G. Monocliiuc, Obliquo or Monosymmctric sj-stem lias three axes 


orthodiagonal and that which is not at right angles to tho principal 
axis is tlio clinodiagonal. A simplo type is tho obliquo rectangular 
prism. 

0. Triclinic, Doubly-obhquo or ABjiumotnc system has three axes of 
unequal longtlis and none is at right angles to another. An example is the 
doubly oblique prism. 

Calcium oxalate is a dimorphic substanco and its crj’stals occur in 
both tho tetragonal and tho monoclinic systems, bo that a brief 
description of these two sj-stems may be given. 

Tetragonal System. As pointed out above, one of tho simple forms 


tips of the axes aro um’tcd by triangular faces, one obtains a second 


^£0 


tne orcHs gyrraiM rrr r^craCTiiiI cccahedrcn. 
szd. y-ji-s n i i zs ce ecniaihtall tri mcr* 'fctnrltii fcnss 
api hy tnLacataciL cf sru^ gaiL frirT^^ fcrrt^ ar-? JUfrocia- 

ticn cz. seTsal crjita^ CLracBEa:?- ac5ffi5i^ grmrs ccrs^ocud 
crystals Eicrs- cr les scaisnicar nr sninjc U^ir a'” as ci tis t e r g^st alj. 

Also Tzzdh. e^E^aifcc. cf zhs potcfcal as5f jiace. prcdadng 

neecL^^Eazed crystal ~ or the ^riScizal a^fk riay te very 

shorts givzij- a broad scnaz ■ T g ^ r - Tf 

Crystals csty be develc^ed sc that cttbr balf the pebble faces are 
present ; these brrrss are terased ftezJii'jahsh If altercate rices c£ a 
tetrascrcal cctahecrcE. are eyr erc*^ rrTT tne yTT*t«gfr prt» arccbertteiieTr 



Vlo, 212- Ttftraconal sjvtt’m. 1. Right square pri>xa of tho first orvh'r. 
2, Right pti'«iii, second order. 3. Pouble pjTtmu'.l (octahedron), 

first pt'lof. 4. PonWo pyramid, second order. S. Double pyramid, stvond 
order, ■with truucateil api^vs. 6. Bight square prism ha\-mfl; princJjv^l a'ris 
sXvcrter thai\ the lateral axes. 7. Short prisni with pyramid on each end. 
first onlef. S. Smiibxr to 7, hat second order. 9. Hcmihedral sphenoidal 
er\-stal, dewKnxxl from 3. 10. jTarrow elongated primr -with clowrated 

pvranud-s, fortmng a nec^Ue. aa. principal axis ; W and cc, lateral axes. 

fv'tnt is It lunwUiedral aystal ’whidU has four faces each being an 
tviah.Sih>. Since these fonr-sided crystals are rredge-shaped 
rtw twhctUyUenoidal.^ ^ ^ -i 


ath 


'Vl\o sandy crystals of henbane are hemihedral, being 
\n\v'\\‘\l'He\M'i\hd er\'5'tals that have isosceles triangles for their faces. 

hlWUH'lhllO Itt this sj-stem there are two series each of 

han ttUwiOvv elciwent.'^rv forms. In the first series the crj'stals are 
vd'vwv^d IxvwwwU tho longer lateral axis and m the second series 
hlaul. Uhv axis. In each sorios there are the following 

^.V ni'Ot n V OMhlvm rectangular prism with four faces anti 
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two rectangular cnc’ 
two rlioml>oidal cnc 
eight triangular foe 
(d) oblique double 
and a rhomboid ba 

t ., , — 1 «_ 




infeclona and the apices of tlio pjTamids may bo truncated in some of 
the crystals. The same tjqxs of ctyfita! is found in rerofnim, but the 
principal axis is cnormouslj' elongated giving an nciciilar crystal. In 



Kio. 213 MonopliOK' oyil^w. I. OWiqu** prmn 5. 

iTctunjoJlsr fruin. 3. Oliliquf* <loul>l^ j'yTnnu*! vrith rlioiiilioii) 

4. OMtqup iIomM" |ijnunM with rfrl^ncwlv W«f' fl. KimiUr to 4 with 
tnin«it«! Bpic*^. «'■. FimiUr to 2 with »hort prinripol a\i«. 7 8hnrt 

ohh<]«i" TlioinVml pri»in crnnhiiwil with two p>rn{niil« S. hinuUr to 7, 
hut of tlio prooii'! onl'T. P lli*mil»^liwl obiniuo rjilwitoiil, ih-v-rloml 
from 3. 10. lwmn«l crj-itnl «U\Th>pr«I from 2. 1 1 . S}>ort ohh<m" |iri«in 
with rliort pynMmil*. 12. l.loojwtnl hattow j'n"m aim! |ivrwmi U, 
furmmjr • nrc^llr. 

the bark of QiiiUtiia ^aponurid a rriy wide pn-tm I* oombiiuxl wit!> very 
tibort ptTnmi<U and lbc«c erj^tab al'O frequently phew the phrnomriinn 
of twinning, if„ they have the fonn which would rr«ult If a norm-sl 
cryptal were hUeetr^l arrfw^ the pri«m and then onr.h.alf witr mtatr^I 
through IM) dcgrrcA. Similar twjii» arw found in Jamiirn tjutpoia wrxnl 
from I’lVnmu rstrl*^ Tlie obliqur* rect.angul.tr dciiible pyramid or 
tjrtahrtlfon I' fotind in ctil»rl»<i,thelnill of Viper C'AirKj, and if a numl*^r 
el thrwo octahrtlra are iinitr«l m radiating pro'ijH, with it without tlie 
ad iitinn of pTi*rn«, cluster cTj^taU rmiih, often with radiating p)lnt« 
a« In frnna or with a mixture of pointa arvl pn«m a« in the 

c!u«ter crjT'tal* of rhiibarh and »trarionl»sni. 

Il'-iniheilral or •phe*.oi<lsl f«'*T»ii ate aliod>-ritr<l fn>ri tl «• nm'irlinic 
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octahedra by tlio extension of altemato faces as in tUo tetragona 
system. Tlte triangular faces of tho crystals so formed aro, bovrevor 
scalene triangles. The microscrystals occurring as sandy crj^tals in 
belladonna aro raonoclinic microspbcnoids and are therefore different 
in shape from tho sandy crystals of Henbane, 

Calcium oxalato which cr^fStalUscs in tho monoclinio system has only 
one molecule of water of crystallisation, CaCjOj-HjO. 

Tho great variety of habit exhibited by crystals of calcium oxalato in 
plants is duo therefore in tho first place to tho ocourrcnco of calcium 
oxalato crystals belonging to two different (nystallographic systems 
and secondly to tho variations within each of those systems resulting 
from (a) tho unequal development of tho faces and axes of tho forms 
represented in the several crystals, (6) to twinning of crystals, and 
(c) to adhesion of crystals togetljcr in groups. 

It is often a matter of great difficulty to determine tho exact 
crystallographic forms of tho crystals by measuring their angles and 
by obaorving tho effects of polarised light, consequently for descriptive 
purposes many non-crystallographic morphological terms arc used in 
plant histology : — 

1 . Prisma or single crystals. A term applied equally to simplo forma 
and twinned crystals which aro comparatively largo and well formed, 
as in quUlaia, hyoscyamus, Hquorico, etc. 

2, Cluster crystals. These ore aggregate crystals composed of 
numerous prisms or pyramids or both, wljicli have grown together to 
form more or Ices spherical masses with projecting points and angles 
all over tho surface, as in senna, stramonium, rhubarb, cto. 

3, Rosettes. These aro aggregate crystals having the apx>oaranco of 
ft fairly largo centre, which may be partly organic, from which the 
component crystals radiate and so nearly equal in length as to give a 
slightly toothed circumference. A good example is found in the small 
spherical crystals embedded in many of the alourono grains of umhcHi* 
foroua seeds. "Wlien focussed at about tJio central point they have a 
flat appearance and closely resemble rosettes ; it made to roll over it 
is, however, immediately evident that thoy aro spherical and not flat. 

4. Acicular crj^tals. These aro long slender crj’stals with pointed 
ends, usually found in bundles, as in ipecacuanha whore the cells ore 
devoid of mucilage, or as bundles embedded in mucilage as in tho 
scales of the bulb of squill. Small scattered needles aro found in tho 
cells of tho pareneiyma of gentian root and of cimaamon bark. 

N.B. Acicular crystals aro somotimes tormod rophidos, but this term, 
althougl) originally applied to noodlo-ahnpcd crystals, booamo extouded 
to any form of crystal found in plants sucli os crystals of rhubarb or 
stramonium, tho diftoront typos being distinguialiod as acicular raphidos, 
sphere raphidoa, etc. It is thoroforo bettor to rojoot the term raphidos for 
ncedlo-shaped crystals and to uso tlio description acicular crystals. 

6. Microcrystals or sandy crystals. Theso are very minute cr3mtal3 
often occurring in a cell in largo numbers, frequently completely 
filling the cell. The form of the individual crystals rady vary in 
different plants ; in cinchona tho sandy crystals are small prisms, in 
belladonna they are tnonoclinic niicrosphcnoids, and in liyoscyamus 
thoy are tetragonal microsphenoida. 
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Abies balsamea, 438 
Abies canadensis, 430 

pr«ca{onit*, root. 324 
Absorbent cotton, preparation, M 
Absorbent cotton, atorogo, 35 
4c«c»a cotecAw, 400 
Atacia dtallata, 403 
Acocia gum, 4QG 
Acceia gutiimijera, 408 
Acaats horrida, 408 
Acacia Senegal, 400 
Aeaeta ttv<U, 407 
Achillea rnilltfoUnm, 143 
Aeipe/iserhuso, 405 
Aconite root, 372 
Aconiium ehasmanikvm, 378 
AcoKiium c^einarAuum, 375 
Aoonilumfiseheri, 375 
Aeonttum 576 

Aconi'tum napeUus. root, 372 
AeoniVum (tanrAantcum, 375 
Aconttum uncinatum, 375 
Aeorua eo&Dnua, 344 
Adenandra^ UO 
Adsps, 440 
Ad^s hna, 454 
Adulterants, 481 
Adulteration, datectioo of, 482 
sSaU tnarmeUs, 242 
A^momnm loranma, 230 
Aframamvm meleguela, 204 
African bcieilium, 430 
African copaiba, 43S 
African ginger, 341 
African kmo, 307 
Agar, 402 — 104 
Agalhcsma spp , 110 
Agropyron rtptns, 345 
Ailanthvs glandulosa, 133 
Ailanthus leaves, 284 
Ajowan fniit, 216 
Albuminous seeds, 1C7 
Alburnum, 43 
Alder Buckthorn bark, 78 
Aleppo galls, 90 
Aleutone grams, 170 
Algmic acid, 254 
Alksnet root, 356 
Allanna tinciert<*, 356 
AUspiee, 239 
Almond, bitter, 173 
Almond, sweet, 172 
Alnvs gtuUnosa, 80 
Aloe-emodju. 121 
Aloe t'era«390 
Aloes. 380—396 
Aloes. raicTuscupy of, 304 
Aloes, tests for, 305 


Alpmut ffalanga, 342 
Alpmut fi^inarum, 343 
Althma root, 368 
Ambergris, 454 
Amber tesm. 4l7 
American Frankincense, 417 
American etora'c, 444 
American veratmin, 316 
American mormsced, 165 
AmmoDiocum, 431 
Amonttixi aromoticuw, 230 
Amomum ieputaga, 230 
Amowittin awn/Atoide#, 230 
Amradgum, 40S 
Amritear gum. 408 • 

Anamtria pantculaia, 233 
Anatolian liquorice, 334 
Anchusaroot. 360 
Andrographis, 270 
AneiAum graveoUns, 317 
Anefhum souv, 217 
Aniniala, 296 
Aniseed, 216 
Anise fruit, 218 
Anogeusus le»i/olia, 409 
An/heaiis ftobilu, 156 
Atilhemts itneiona, 161 
Anlfisraea spp., 41 
Anthophylii. 162 

Anthr^mnone derivatives test, 320 

Ap\4 tnuhfica, honey, 412 

Apis mtlltfica, wax, 450 

Apiuia ^veoUns, 218 

Apneot kernels, 174 

Arabian myrrh, 429 * 

Arabian senna, 122 
Arschisoii, 178 
Araehts seed, 176 
Arachnotdiscus, 403 
Araroba, S3 
Arbutm, 110 

Arctostaphylos uva urei, 116 
Areca aut, 203 
Argel leaves, 123 
AriStoloeJiiO argenlina, 331 
Anstotochia reticulata, 330 
ArMtofocAie serperuana, 330 
Arnica flowers, ICO 
Arnica montana rhizome, 320 
Arnica rhizome, 326 
Artemuta etna, 103 
Areemuia spp , 165 
Assfetida, 433 — 436 
Asbestos, 29 

ASMfAyUum nodosum, 255 
Ash values, 4S5 
Aaeam musk, 4C4 
Astragalus gummi/er, 409 
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Athyrium fihX’Jamina, 310 
Atie root, 37C 

Atrojm ncuminala, herb. 28t 
Atropa acurmnaia, toot, 372 
Atropa belladoniiQ, herb, 280 
Atropa bdladonna, root, 370 
Atropa lulesctns. Sro A, acttmtnnta. 
Attfiold, J., 3 
Auatrahftn flgar, 40i 
Australian guin, 408 
Austmhaii eandarac, 420 


Bacteria ond datorioratjon, 475 

Bao! fruit, 242 

Balsam of Porn, 441 

Balsam of Tolu, 430 

Bamboo curare, 402 

Barbados aloes, 303 

Barbaloin, 305 

Bar-box press, 447 

Bnrka, description, 69 

Darks, drying of, 60 

Barks, histology of, 61 

Saratma»pp., 107—110 

Bay berries. 234 

Bay leaves, 113 

Bdolliuja, 429, 430 

Bentborry leaves, 1 15 

BeosTvax, 460 
CtJte fructiii, 242 
OoUadonna flowers, 282 
Belladonna herb, 280—285 
Belladonna root, 370—372 
Belladonna seeds, 283 

Bengal ginger, 34J 

Bengal quince, 242 
Bonne seed, 207 
Benzoin, 421—424 
Bergamot, 247 
Bermuda arrowroot, 0 
Bermuda gross, 340 
Betel nut, 203 
Bhang, 271 
Biological soiixce, 466 
Bird pepper, 239 - 
Bissabol, 429 
Bitter apple, 239 — 242 
Black brj'ony, 3C4 
Blaclt catechu, 400 
Black haw bark, 74 
Black resin, 418 
Black sassafras, 70 
Bladdcrvrrack, 254 
Blistering beetle, 29S~300 
Bloodroot. 325 
Blown cloves, 163 
Blue galls, 90 
Blue gum tree, 112 
Bog moss, 263 
Soldo leaves, 113 
Bolivian coca, JIS 
Bombay coriander, 221 
Bombay masticb, 420 
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Bombay aonno, 123 
Sombyx spp., 41 
Bordeaux turpentine, 419 
BorkhauitnUi, 478 
Bo$ tauTUi, golatin, 404 
Bos taurus, ox-gall, 469 
Bos lavrus, pancreas, 4D1 
Bos faurwf, parathyroid, 457 
Sos taurus, pituitary, 45S 
Bos taurus, thyroid, 456 
Soswtllia spp., 430 
Botany Bay kino, 397 
Brasilia, 57 
Jlnw^jca al5o, 179 
Brassicajuncea, 178 
Bratsica finapioides, 177 
Braytra anthelmintica, 164 
Brazilian isingl&ss, 405 
Brazilian jalap, 362 
Britisi) agar, 404 
British gum. .See Dextrin. 
Brokers and commerce, 470 
Broom tops, 272 — 274 
Bryonia alba, 3G4 
Bryonia diotca, 354 
Bryony root, 364 
Buoco, 107 
Buchu loaves, 107 
Bulking, 472 
Burgundy pitch, 419 
Bulea frondosa, gum. 393 
Buttajfondosa, seeds, J74 
Butea gum. 398 
Butea seeds, 174 
Baxi*# «i»pemrcnj, 110 


CASAnniNz; musk, 404 
Cacao. Ste Cocoa. 
Ccesalpinia Sappan, 50 
CoiToine, 135 
Cage press, 447 
Cako saffron, 144 
Caf&bar boon, 170 
Calamus draco, 424 
Calandra granaria, 478 
Calandra oryzee, 478 
Calcium oxalate, 439 
Calendula ojS^inalis, 140 
CaUitris vtrrucosa, 420 
Calumbaroot, 363 
Catndlia that, 133 
Canada balsam, 430 
Canada turpentine, 436 
Canella bark, 66 
Csuuiabzs, African, 270 
Cannabis, American, 370 
Cannabis, Beam’s test, 271 
Cannabis Incites, 268 — 271 
Cannabis safh'O, hbros, 3S 
Cantiuiridos, 29S 
Cantbaris. 293 
Canton rhubarb, SIS 
Cape gum, 40S 
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Capo Baffroo, Hi 
Ctip»iOf»n annuum, 23{i 
(^pslcuni Bombay, 238 
(?«p«iCHnj fruit.*. 235 — 23t> 
Chp»»cmw» minimum, 235 
Capsicum. ^Tatal, 233 
Capsicum Mrayonum, 239 
Catttt. ill 
Caraway, 212, 213 
Cardamom, 223 — 230 
Cardaraonw, AJeppy, 227 
Cardamoms, Bongal, 230 
Cardamoms, cluster, 230 
Cardamoms, basks, 230 
Cardamora.*, Korarima, 230 
Cardamoms, Long wild nativT, 230 
Caradmoras. Jlalabar, 220 
Cardamoms, Mangalore, 227 
Cardamom.*, Jl^-sore, 226 
Cardamoms, round, 230 
Cardamoms, wild Biamcsc, 230 
Carmina, 302 
Carttauba wax, i53 
Carob gum, ilO 
Capragwn. 25S 
Cartliagena ipocaouonhiv, 352 
Gartbamux leaves, 2S8 
Can^mus tiactorius, flowers. Hi 
Cflrtiw oom', 212 
Corum ccptkum, 2J0 
Cascara Sagrada, 75 
CasenriiU bark. 67 
CoMia aeuiijoiia. frud, 222 
Cassia acut./ot«j. Icavxis. Ji9 
Coss^ any^i/otia, frmt, 222 
CassMi ong-u*ti/0li<t, Arabian, 122 
Ctut)aanyutufoiia. Indian. 123 
Ciutia ouricuCtfa, 123 
Owsja bark. 70 
Catsia /Utula, 221 
C<utia yran/fn, fruit, 225 
C<t«SKi, hotoffritfo, 123 
Cossvi 70 

('atria mantana, 123 
(-'atria maacfMj, fniit, 225 
Cossw a4>i>car<i, 1*1 
Ca«)» 22i 

%-rr*. 70 
|-a*.,na. 130 

( artanxa ntj-irit, |ca\n*, 12T 
la*i<if oil. H(, 

Cawbii. jtci, 4f*i 
CuiKa Wiitw, Jja 

'*-Wvfnjkt.2l*i 


<c, 35 
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r »|A«wK«»-w»*»»v»J*. S'rf) 
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» Si2»;tai. <|n 
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4{> 

! Oetoceum, 453 
; Oetrarin, 262 
' Covaublla soccU, 202 
Ceylon calumbn, 364 
Chalk precipitatod, 2< 

Chalk, prcporetl, 20 
Chamomile, 150~1C0 
Cliaraclcr* and pirparation, 473 
Chanw, 271 

Chaulmoogra seed*, 187 
Chenopodmm leai'M. 2f>9 
Otenopodiutn too, I30 
Chcrrydaarel leaves, 114 
Chestnut leaf, 127 
OiiUiM. 235— cas 
Chillies, Japanese. 238 
Chillies, N'y'^'^l^d, 236 
Chillies, Sierra Leone. 236 
Chillies. ZaruibAr. 230 
Chirteae conthandes, 300 
Cliineso cinnamon, 70 
Qimeso galls, 01 
Clutuxi insect wax, 453 
Chinese rhapontie rhitlarb 321 
Cfairotta, 278 
Chittem bark, 75 
Chlorogenie acid. 116, 185 
diondrin, 405 
Cbondru*. 255 

C/ppysontArmum eiae/t]ri<r/u/iu>/i. 161 
ChsysoiU^rmum FCttintum, 101 
Chiytani^tmum Irutnnlfitmum. 163 
Chtysanihemum partfitnwm, lOO 
Oiryaarobin, 24 
OiUfTus, 271 
Cinchona liark. 80—58 
Cinchona catiiuiya iwrk 
Cinchona ctdliration. etc , k 1 
Cinchona fid»r»fiig", a* 

CirifAoari fcinct/oho, l>ark, art 
Cinchona Lc^lgfr twrfc, **4 
Ctnrf.ana c,J!ci«<ih*. liArk, a4 
Ctncfionri bark, 8< 

Cimt-amein, 442 
Cinnaiuoii bark, C7 

CtiruVut tvltfifnrhij, 21 '» 

CVrws nuraniiifin. 2<3 
Cirrus termini III. 2(7 
CiTrut boh.’nia, 215 
rifrus wa/mi, J47 
CU«*tfx‘ation, 4 

Ctriw^i* purpurra, 257 
ClearMig mil. I'll 
Chny^, H'*- 151 
CJ»'ie*liilk». 151. 157 
Jl!' 

Cora Icavv*. 1 1«> 
t'arvxilxJ'rt J37 

(4a,**uht« 253 

o» f*. 3 7>0 

trryjtr-t, <53 
r*wMr>r*!.5>'-5 *2 
(Vwlisn ri%*^r. 13< 
tWf»k.ro. 3>--. 
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Crystals, morphological terms, 492 
Oucurbila maxima, 174 
Cudbear, 402 

Cultivation, advantages, 4G6 
Cultivation, increase of, 46S 
Cwminura- cyminvm, 216 
Cumram fruit, 2i8 
Cuproa bark, 87 
Curasao aloes, 393 
Curare, 401 

Curcuma domegltca, 330 
Curcuma tedoaria, 337 
Cusso, 154 
Cutch, 400 
Cutin, 98 
Cuttle bone, 28 
Cydopia, 136 
Cydoni^ sexnina, 195 
Cynadon dactyton, 340 
Cytisus Bcopcriuf, 272 
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Cock aaterbery, 234 
Cocoa seeds, 107 
Codeine, 388 
Cod'hver oil, 447 
Coffee, 135 
Cola Bpp., 182. 163 
Cola seeds, 181 
Colchicmo, 348 
Colchicum auiumnale, 340 
Colckicum corm, 34G — 348 
Colclncum luteum, 348 
Colchjcum seeds, 201 
Cold storage, 480 
Colocynth, 239 — 242 
Colocynth, Egyptian, 242 
Colocynth, Wogfldore, 242 
Colocynth, Spanish, 242 
Colocynth, Turkey, 242 
Colophony, 417 — 419 
Coltsfoot flowers, ICS- 
Coltsfoot leaves, 166 
Calutea arboreacena, 123 
Comfroy loaves, 132 
CommtpAcra tryihrcca, 429 
Commiphora molmol, 427 
Oonium tnaculalum, 221 
Convalforta tnaj'alia, 154 
Copaiba, 437—^39 
Copaifera spp., 437 
Copalchi bark, 67 
Copemteia cerifera, 453 
Coppicing, 68 
Coral powder, white, 20 
Cercliorus «pp., 39 
Coriander fruit, 219-^221 
Coriandrum talivum, 219 
Cortarta myrd/oUa, 123 
Corixa, 300 
Cork colls, 65 
Corm, 304 

Cortex Thymiamatie, 443 
Corylut avellana, loaves, 127 
Cosetntum /enestralum, 364 
Cotton, 32 
Couch grass, 345 
Cowberry loaves, HC 
Cowhftge, 23 
Craio de Brion^on, 29 
Cromocarp. 211 
CrotQ, 20 

Crocus indicus, 336 
Crocus gativua, 143 
Cross-ficld, 49 
Croton ehuteria, 07 
Croton seeds, 189 
Croton tiglium, 189 
Crow fig, 183 
Crown bnrk, 84 
Crown galls, 01 
Oudo drugs, 1 
Crude fibre, 486 
Crushed linseed, 195 
Crystal layer. 103 
Crystals, 489 


i)ac/yJoptus, 300 
Dcstnonorops, 424 
Dandelion root, 354 
Datura fatluosa. See D. mtteh 
Datura, herb, 289'~'29l 
Datura intrmii, 288 
Datura \nnoxia, 289 
Datura metel, 289, 2D0 
Datura seeds, 199 
Datura ttramonium, herb, 285 
Datura aframoniutn, seeds, 108 
Datura taiuJa, 285 
Doa), 47 

“ Do Histona Stirpium,” 2 
DelpAintum elapktaagria, 200 
Deme root, 358 
Desenptiona, 5 
Deterioration, 474 

: Dextrin, 17 
Diatomito, 25 ^ 

Dirjtialia lanata, 131 
DigitaUa lutea, 131 
Digtlalta purpurea. 128 
DtgiKdia thapai, 132 
Djgitoxin, 131 
Dill fruit. 217 
Dipteroearpua app., 439 
Dtpteryz apps, Bcoda, 1 75 
Disoases of cultivation, 469 
Docks, commerce nt, 469 
Dog gross, 340 
Dog senna, 121 
Dorema ammoniacum. 431 
Dorontcum pardalianchea, 161 
Doraivcntral leaf, 102 
Dragon’s blood, 424 
Drying roots and rliiromos, 304 
Drying sheds, etc., 04 — 97 
Dryopleria fitix-maa, 309 
Dryopttria apinuloaa, 310 and 311 
Duct, oleo-resin, 410 
Duramen, 43 
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EiRTK nut, 175 

Iiuli&n arrort-root, 327 
Indian kino, 306 
procc«, 246 
Egj-plian colocjuth, 2<2 

^^ 7 )tiAa hcnk'^no, 201 
t.Kicr flovtrrs, 147 
EjcMinpano 1 oa*c«. 133 
■^Unana car^amomtim 
Elytron, 207 
Emetinp, tc-st for, 354 
tmpliurujn ttrrulatuin, 110 
fcnptj«h rhubarb, 320 
tcandftis, 160 
bpidcrmis orirax-c^, OS 
Kpidcrmi«of*o«l,, 160 

13G 

Apittnx ofroTW, 281,460 
tphfin, 205. 2GC 
E'Cot. 257--201 
Erpot* on pmoie*, 20 I 
EriWw/yoa, II 3 

A»yrtror 2 /lu„, llfl 

t«rp4nut, 170 
^ytahptut eahph^Ua. 307 
Awrt,?y;>f„, p/otufu*. 1 12 

EueaK-ptU, honoy .j|j| 

tuMjptut kino, ^307 
Eu'-a J-plu* 112 

auartyjijuj nttrafn^ 30S 

»‘Monitni» UrJf. 73 

280 

IS?;}"!'’*”"”' IM 

of lirtrk«, fiS 

r.tiiAitatntl pitifrrr, 3 (l 


I'/l'HU mjrrh. 42ii 
f.T* ”i'*(b<‘inali», 25rt 
ch 

*«■» »v,vJniini. 450 

*o«{». 2rt» 

tUphnniMm^ ?I3 

431 

w* <3-- 




'-ti'-m, \r,ri 
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RcFirrr#, dryini. 141 
YiQvxn. histoloRj'. 142 
nuore*«.neo ofdcrris, 35S 
FloofesocDco of rhubarb. 321 
Fanievlum eapiliaceum. 213 
Pojfglove loaf, 12S 
FoKg?o%-o food, 120 
Fraciaro, terms of, 60 
Franpulm, 70 

: Frarjkineense, common, 417 
Frajikmcon«e, true, 430 
Ffturm axtvl!nie»*U, 364 
Fraximut omuj, 411 
Krrnch cluilk, 20 
Fnuts, histoiogj-, 210 
FruiJs, pericarp' 200 
Fuchs, 2 

Fucm ffratus, 255 
Fucu» rwii-j/iMM, 254 
Fustic, 67 


(As/us worfAuo, 4 17 

Calangnl rhizomr-. 342 
Calbanum, 432 
Cahpot, 410 
Call bImMer. 450 
I Calls, 00 
[ Gambler, 300 
Cambege, 42 C 
(larUxt bran, Isf) 

Carbting. 472 
Cervtnia Aanhirin 426 
Citrctnvi mnn^Unfin, 2n 
tIeUun. 40J 

OiKltum eariilifjinnint, 40| 
^Wi'bum tpp , 4f>2 
Oth^tum niii'iim, 325 
0 *-lvnilumrhi*onv«. 3*5 

0<nti<ina /wfc*. 365 
tpp , 3ns 

Ci'ntian rr»nt. 365 -36s 
OregTnphical murrfw, 466 

C«-rm<in citamoiiuir'. 160 

. firum urfttHum, rtiunnvr, 337 
! jnmi. 40 '» 

, <>'>^>rt,na tpp . -5/) 

I Ciyiffinrt spp . 4,, I 

I «vm|, l !«7 

Cbnjr^r. 337 

curvis nn 

rvSj'mr. 2>* 

(ii 57 

(•iufvn fn'Hi wVmi, a 
<llytn» ^-o-n. 176 

f. ytyrt.itt tpy . JII 

3 '| 

<J«e 73 

<:»! Vrt MM] j., 

<'**op«'s •rr i: 

4 » ‘'f**! 4 .- 
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Qracilaria confervoides^ 404 
Oracilarm lichenoides, 402 
Grnins of parndiBO, 204 
Grocn hcllcboro, 31 C 
Qrindelxa, 271 
Grotmd nut, 176 
Guaiaconic acid, 421 
Guaiacum rcsm, 420 
Oufliocuin wood, 63 
Guarona, 180 

Guayaquil BarBaparilJn, 377 
Guinea grams, 204 
Gum arable. 400 
Gum hotai, 430 
Gum jumper, 410 
<jum-resms, 426 
Gum' thus, 417 
Gums, 400 
Gttfjun balsam, 43U 

Hacijah ^m, 407 
iZ(cmatoxi/l(rn campechianu/nt OS 
llalibut-Iivor oil, 449 
Ilftlpbon's test, 446 
HamamoUe hark, 88 
ICamamoliR lenvos 12^—127 
lEaschiSch, 271 
Hay saftron, 143 
Haztil loaf, 127 
Heart-wood, 43 
/lemidesmua, 368 
JlMnibadraJ crystals, 400, 491 
Hemlock fruit, 221 
Hemp, 38 

Henbane, annual, 293 
Honlione borb, 201 — 294 
Henbane seeds, 292, 293, 294 
Hennft leaves, 127 

Hepaticso <¥« Liverworts. 
Herbaceous stem, 261, 252 
Herbals, 2 
Herbs, general, 261 
Hcflporidjn, 244 
Jljgb-dr/cd rbubarb, 318 
Hipa, 247 
Htruda spp , 295 
Hive boo, honey, 412 
JIjvo boo, wax, 460 
Hock ondoriMjrry, 234 
HondnroK Karsnpanlla, 370 
Honey, 412 
Honey -dew, 414 
Hops, 240 
Horse cassia, 228 
Horse-eye bean, 180 
Flnmnhts lupulus, 249’ 
Ilybanthua, 354 
Hydnocarpxjs seeds. 1 87 
Hydrastis rhizome, 328 
ftyoecyamns alius, 29J 
Hyoscyamus multcus, 291 
fhjoacyamus niyer, 291 
liijperooflon rottra(u», 483 
lltjpoyiosaus, 4i0 


IcxiMtD moss, 262 
Tdioblasts, 103 
Ignatius bean, 185 
Ilex paraguensta, 1 10 
lUicium reftj^sum, 249 
lUictutn vera, 248 
Improvement of drugs, 407 
Indian aconite root, 3^5 
Indian bdollitun, 430 
Indian bcllodorma, herb, 284 
Indian bonadonna, root, 372 
Indian eolchicum, 348 
Indian dill, 217 
Indian gamboge, 427 
Indian gentian, 3C8 
Indion ginger, 341 
Indian gum, 409 
Indian hemp, 208 — 271 
Indian ipccacunnlia, 352 
Indian laburnum, 224 
Indian mastich, 420 
Indian mustord, 178 
Indian opium, 366, 387 
Indian podopbyJJu/n, 329 
Indian rbubarb, 322 
Indian sareaparjlln, 3S8 
Indian 8quil],13B 
Indian tobacco, 274—278 
Indian tragac&nth, 410 
Indian valerian, 327 
InlloroRcences, 140 
Inga flowers, 118 
Insect flowora, 191 
Insects and deterioration, 477 
Insects, goncral characters, 297 • 
Insulin, 492 
Inula ^itnnniea, 161 
Inula contjsa, leaves. 133 
Inula 7<ellentum. leaves, 133 
Invert sugar, 414 
: lonidivfn, 384 
Ipecacuanha root, 349 — 353 
Ipecacuanha Bubstitutos, 353. .354 
Iptmaa onzaltMis, 381 
Ipomaa purga, 377 
Ipomtna root, 381 
Ipomaea simulana, 381 
Iranian opium, 386, 387 
“rridin,’^344 
Iris floftntina, 345 
Iris gtrmanioa, 343 
Iris pallida, 343 
Iris versiedtor, 344 
Irish moss, 265 
Isinglass, 406 
Islets of Langorhans, 402 
iBabilatcral leaf, 102 
Tspagula, 189 
Italian fionnn, 121 

Jaoorakdj, 1 10 
Jalap, 377—381 
Jamaica ginger, 338 
Jamaica kino, 397 



Jamaica pepper, 23D 
Jamaica sarsaparilla, 37r> 
Japanese acomto, 375 
Japanese belladonna root, 372 
Japanese chirotta, 271) 
Japanese cod-liver oil, 448 
Japanese galls, 01 
Japanese ginger, 311 
Japanese isinglass, 402 
Japanese volorian, 313 
Japan wax, 463 
Jcuminum jniliaint, 320 
Jaltorhtza palmata, 302 
JalrophacurcM, 169 
Java bean, 195 
Java cinnamon, 70 
Johore ipococuanho, 332 
Jugo-elavian opium, 380 
Jungle cinnamon, 70 
Juniptrvt phoznieea, 20S 
Jumptrui tfihinn, 200 
Juntptrut virginiatta. 268 
Jute, 39 


ICejOTPEsoi,, 121 
Kamalo, 20 
Kaolm, 30 
Kaolin, colloidal, 31 
Karaya gum. 410 
Kieselgunr, 25 
Killing-bottle. U5 
Killing insects, etc., 479 
Kino, 390—309 
Kola nuts, 181 
Kordofan gum, 407 
Kosotoxin, 160 
Kousso, 164 
Krameria argtnlta, 357 
Aramena Iriaruira, 350 
Kutch See Cutch, 400 


Lac. 416 
Laemus, 402 
Lwlyfom, 311 
Lanolm, 464 
Lard, 449 
^rix europea, 419 
lAtox, 383 

jAticiferous tissue, 383 
^aurel berries, 234 
^urel leaves, 113 
faww nobilui, fruit. 234 
^urut nobilie, leaves, 113 
^wsonxa alba, 127 
Leaves, collection of 93 
leaves, drying of, 94—98 
waves, histology, 98 
Wes. terms of desenpt.oi 
J-ecanora tartarea, 400 
paluetre. 136 
Leeches, 295 
Lemon. 245—247 


Lemon juico, 245 
Lemon, oil of, 246 
Lichens, CO 

Lily of tho valley flowers, 154 
Lima snreaparilla, 377 
Lima fruit. 24? 

Linseed, 103 
Linseed Oil, 195 
Linum, 103 

Linum untafierimum, culti\Ation of, 37 
Lipase, 4 <6 

Liyuidambar orienlalU, 442 
Liquutambar *l<jrae%Jltia, 414 
Liquorice root, 331 
Litmus, 402 
Liverworts, 00 
Lobelia, 274 — 278 
Lobelia seeds, 275 
Locust benn, 410 
Logwood, 55 
lA>nekocarpu$, 359 
London Dock. 409 
Lupulin, 21 
Lupulus. 240 
Lycopodium, 10 
L’/ctua Irunneui, 478 
l^peria atropurpurea, J44 
L}’Sigenoiis gland. 416 


AIacassar mneo, 208 
Macassor mitmeg, 207 
.Mftce, 207 
Macroiorrtia, 366 
Madras kino. 396 
Ma Iliiang, 265 
Jtfaize, carjopsis, 8 
Maize, starch, 8, 25 
Malatur kmo, 396 
Male fern rhizome, 309 — 311 
Mallo'ua philippinens%$, 20 
Manchurian liquonco, 324 
Mangosteen fruits, 243 
Manna, 411 

Maracaibo copaiba, 436 
Mangold florets, 146 
Marshmallow root. 308 
Masticb, 425 
Mat4, 116 
Materia Medica, 1 
J/otrtcarM diamorntlla, 169, 160 
Matto Grosso ipecacuanha, 349 
Maw seed, 232 
May-apple root, 323 — 325 
Mecca senna, 123 
Medul'ary rays, 46 
Mol. 412 

Melon pumpkin seeds, 174j 
Mexican conthandcs, 300 
Mexican flics. 300 
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Jliddl© of ^ykra, 46 

Midribs of leaws, 105, 106 
Minas ipecacnanl^, 352 
Mit«s, 476 

Mogadoro oolocjpitb, 242 

Mogadore gum, 408 

Moisture and deterioration, 475 

Monkshood, 372 

Monoclinic, system, 400 

Morean galls, 91 

Morphine, 388 

Moackui moschijerus, 462 

Mosses, 60 

Mother cloves, 163 

Moths and deterioration, 478 ' 

Slotxlds and deteriomtion, 475 

Jlii'^ilagea, 406 

iiXticor spp.f 476 , 

Mifctinti prtiriena, 23 

Mucuna urena, seed, 180 

Mullein 100^*03, 132 

Slusei. See Mosses. 

Musk, 463 
Musk root. 322 
Mustard, black. 177 
Mustard, Indian, 178 
Mustard, white, 179 
Mylabris, SOO 
Myriatiea arqenUa, 207 
ATyriattea fragrana, S04 — SOS 
Jfyrifftjca tnaktiarica, 207 
Myroxylon pertirtB, 441 
Muroxi/ton fotui/enim, 439 
Myrrh, 427—430 


Nabhostachys, 319 
^^ardll3 roots, 313 
Natal aloes, 396 

Native Jamaica sarsapanHa, 377 

Nectar, 413 

Nepaul musk, 404 

Neps, 35 

New Herball, 2 

New Zealand agar, 404 

Nicaragua ipecacuanha, 352 

Niplua hololeucus, 478 

Northern senega, 30 1 

Noioneeta, 300 

Nutmeg, 204 — 207 

Nut shells, 482 

Nus rooschata, 204 — 207 

Niix vomica, 183 


Ochrolechta iewcoplicru, 402 

Oil of cloves, 153 

Oil of lemon, 240 

Oil ofneroh.244 

Oil of orange. 244 

Oil of petit-grain. 245 

Oil of Portugn], 244 

OJeo-resins, 43C 

Oleum Jauri expressum, 235 


Oleum theobromatiff, IBS 

Olibonum, 430 

Olive oil, 445 

Olivo stones, 483 

Oliver bark, 70 

Opium, 384—338 

Opium, commercial types, 386 

Opium, incision of capsules, 385 

Orange, bitter, 243 

Orange, flower water, 244 

Orange, Seville, 243 

Ordeal bean, 179 

Orizaba jalap, 381 

Orns rhizome, 3i2 

Ortuf eanttalis, 2, 4SB ' 

Oryta eafitv, starch, 9, 15 
Osyns alba, 274 
Ovti arks, gelatin, 404 
Ovis aries, lanolin, 454 
Ovis arks, snot, 449 
Oois ariea, thyroid, 450 
Oeis aries, wool, 39 
Ox-eye daisy. See Cbrysanihemwn 
Itueantkemum, 1C3 
Ox.gtv». 459. 

Ozokerite, 452 


pAtE bork, 84 

Palo cateelm, 399 

Patembong Iwnsoin, 424 

Palisade ratio, 103 

Panama wood, 88 

Pancreas, 461 

Poncreatin, 4C2 

Papatvr dubiuni, 145 

Papaeer rhetns, 145 

Papaver jcmm/ei'jmi, fruit, 331 

Papaeer aomntJer{<m, opium, 384 

Paprika, 239 

Para copaiba, 438 

Para rhnlany, 357 

Paradol, 204 

Paraguay tea, 116 

Parafltyioid, 457 

PaiiHinio. 180 

Peach kernel oil, 174 

Pea-nut, 175 

Peat moss, 203 

PcK 453 

Polletierine, 72, 73 
Penang benzoin, 424 
PenicHiiwn notafum, 201 
Penfeiffiwm spp., 476 
jPenteclefArti, 180 
Pepsin, 460 
Pereira, 3 

Perlumed bdellium, 42'J 
Pcricycio, 64, 304. 307 
Pcpimedullarj* phloem, 263 
Peraian ammoniacutn. 431 
Perainn liquorice root, 334 
Persian opium, 385, 387 
Persian tmgneanth, 409 
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I’crug^n, 442 
ri-ruvian coc«i, 116 
Peruvian rhatany, 33G ' 
I’oltenlcofer’i teat, 4C0 
Pfunius lolliu, 113 
Pharmaceutical chetni'try, 3 
rharmaecKli-nanu'c*, 3 
Pharmaco?t>i>i«t, funetmn of, 4 
Phartnacolosj', 3 
n»armacy, 3 
PhatfiJus lunaiiu, 195 
Ph-IIojjen, Cl 
PfiH-Dilm/jron *pp., 377 
Phloem. 61— til 
Phloem fibre*. 62 
PhjfftfT tpp^ 431 
Phyaie nutj>. ISO 
PAy#o«ijrma, 170 
Phylola^a, Jea\T*', 24 1 
Phytolacca, root. 372 
PhyiopKihom bflladonntr. 241, 46'* 
P,er<rrta rmUa, arood. 51 
Pier«rhiia l»/rroo, 3CS 
Pierolotin, 231 

PiTxofjjMJt »/»/!, 110 

PitKtlyiuftpp^ 405 
PunrntQ afrx*. 113 
/’imrnM 23'* 

J’lmeuto. 230 

2|s 

P,nui*pp^ 417 

wor«J, 4? 

I'lpe yamlrtp", 427 

/’Mt-Vii* imtuffut, 425 
Pilfh, 1«irifundj, 4t'J 
I’ituifar}, 4S' 

flrmurvl. 1*6 

Pli’it*p>LtfKf*iJa!4t, 1*7 

PitfXt^py 1*6 

l'La»m4>Je«ma, I4t 

J'Joui’iman’a •x’lVer.ar.l, 133 

I'l.loj hi lIuTii. 323-3:5 
/WT-t/-*-* 

r*.VTr«-i. 323 
/Mr?’'* 3'’«. 

< #»«r *1. » 



FajUium. 16<> 

Ptelta trif-)liaia, 74 
Puri» *pp„ 377 
Pierocarput crifuJceiM, 307 
Ptervcarpuf martupium, 30C 
Pieroearpua pjntnUnut, 5.' 
Pterofhuiin lueida, 401 
Ptinuf brunneu*, 47S 
Ptyehoti* ajotean, SIC 
Punina franalvr, 72 
Purging €a«*Ja, 224 
Purjting nut*, ISO 
Purifleil Btomx, 413 
Pyrua rydonia, 105 


QTANTrraTJVE microwpy, 48Q 
Qtm««ia irood, 51—53 
Quercetin. 110 
Qutrcva ctrrii, 01 
Querrua infrrtonn. O’! 

Quiltaia liark, SS 
** QuitUnyi," 6S 
Quince reed*. 105 
Quinetum. 67 


R^vrvTTM. 310 
Ra*pbrrT 7 leaf, 1 27 
Ratoun ginrcr, 311 
Ilcl hark. •‘I. fi5 
lle.1 pum. 3'*7 
lied peppy, 145 
lU*! ri»-er anakeroot. 330 
fle*l r««e petals l46 
lie*) aanderi v<.«i>l, 55 

Ptmijin /w*luaewh>r I. *“ 

417 

lte»m*, 415 

Phtfnnu* "I 

mniic/icii, *0 

Jthtmnut C'lrAn'fim. RO 
ptmtrnrnu* 

/2t<r>^Mv« pneiAimv). 25 
Jtlwktany rwi, 35*5 
121. 320 

JUK{ri».{ix, 315-322 

Ptrun 322 

I,. 313 

r»rv"» 3|i 

320 

Z'<1~3r,i 

^ f, ||» 

lU.tiMrIi, 315-.222 
/ tn» 91 

/!*.« rry, 153 

It* >1*^5.-.*. •* 

ra <16 

lie. 11, 

Ptn^.t t t'.* 


o02 

Boots, transverse sections, 307 

Rosa arvensiB. 247 

Rosa canina, 247 

Rosa renii/oita, 140 

Rosa (lamascena, 140 

Rosa galhca, 140 

Rosa 248 

Bose-hjp synip, 248 

Rosin, 417 

Rubus tdceus, 127 

Rutnex alpinus, root, 308 

Russmn aconite, 375 

Russian isinglass, 405 

Russian liquorice, 333 

Saccharomyces spp , 250 
Sacred bark, 75 
Saffron, 143 
Saigon cinnamon, 70 
Saigon gamboge, 427 
S'am&ucus e6n/i(S, 148 
Satnbucua niger, 147 
Sandal rrood, 50 
Sandarac, 410 
Sanguinaria canadsnsts, 325 
Santalum album, 50 
Santonica, 103 — 105 
Sappan, 50 
Sap'WOod, 43 
Sarsaparilla, 376 
Sassafras bark, 71 
Sassafras farn/oliUHi, 49, 71 
Sassafras ivood, 49 
Savin tops, 266 
Sehizogenous gland, 410 
Schanocaulon, 202 
Scilla tndtea, 139 
Sclereids, 02 

Scopolia camiolica leaf, 285 

5copolia carnioltca rhnome, 371 

Seed, parts of, 166 

Seeds, general morphology, 100 

Seeds, histology, 168 — 171 

Semen cinie, 163 

Somen contra, 163 

Seneca snakcroot, 35S 

Senega root, 368 — 302 

Senegal gum, 408 

Senna, Alexandrian, 119 

Senna, Indian, 123 — 125 

Senna pod, 222 

Septa ojffictnaha, 28 

Serpentary rhizome, 330 

Sesame oil, 197 

Sesame aeed, 197 

Sesamum xndicwn, 197 

Sevum, 449 

Shed for drying, 95 

Sheep’s wool, 39 

Shellac, IIG 

Shensi rhubarb, 310 

Siam benzoin, 423 

SievO'tubes, 61 

Sikiini fruits, 249 
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Silk, 40 

_ Stlurua spp., 405 
Simples, 3 
StMpis alba, 179 
Sinapia nigra, 177 
SUo'Jrepa panicea, 478 
Slippery elm bark, 71 
Smilax o^cmalis, 377 
Smilax omata, 375 
Smoking opium, 388 
SmjTna tragacanth, 410 
' Soap bark, 88 
Socotrme aloe'i, 301 
Solanum njgrwm, leaves, 103, 
Solazz! jiuee, 325 
Solenosiemma arget, 123 
Solvents, j’ield to, 485 
Soviet aconite, 375 
Soy bean. 176 
Soy bean oil, 170 
Spamsh flies, 208 
Spanish foxglox'o, 132 
Spanish liquorice, 332 
Spartium junceum, 274 
Spermaceti, 453 
Sphagnum, 263 — 265 
Spogel seeds, 180 
Spongo process, 240 
Squill, 130 • 

Standards. 487 
Star amsc, 248 
Star anise, bastard, 249 
Staramso, Japanese, 240 
Starch, arrowroot, 10, 16 
Starch constituents, 12 
Starch crystal, 10 
Starch curcuma, 10 
Starch, general, 0, 10 — 14 
Starch maize, 8, 15 
Starch maranta, 10, 16 
Starch, potato, 10, 15 
Starch properties, 10, 11 
Slaxcb, rice, 9, 16 
Starch, sago, 17 
Starch, soluble, 17 
Starch, structure, 12 
Starch, tapioca, 17 
Starch, wheat, 7, 15 
Star-spot, 317, 319 
Sta\*esacro seeds, 200 
Stsgobium paniceum, 478 
Sterculia gum, 410 
Stercuha «ren», 410 
Stick liquorice. 325 
Stomata. 100 — 102 
Stomata, types of, 102 
Stomata! index, 101 
Stone cells, 62 
Storage of drugs 479 
Storaz, 442 
Storeys in wood, 44 
Stramoniiun, 285 — 288 
Stramonium seeds, 198 
Strophanthus seeds, 190 
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Sfryfftnoi iptaUi, 1R5 

iftrytAnd nKjr4-f<jrt<^rt, lS5 
.SfjyAno* finr-wmiro, 1R3 
.'frycA»K>» IrS 

t'trythno* »pp. (fumn>). <‘>1 

tilyrax l»o*ioin, 4il 

f>{ym caUirntfuf, itS 
S^tyrax p/irailflont-urii*, <21 
,'7lvra3: Imiltntnit, 423 
Fulurrjn, 05 
443 

KumAtro t^riiain, 422 
Fimibul tliirotnr. 322 
S'linnft'ni S3 

A'«» trrv/a, lant, 443 
.S*«* piuicrt'A'. 401 

Am* urtija, 4W) 

A'm* #m>/(i, ilijTOKl, 4’>0 
K««rt3i(k, 111 
flAfii, Sit 
KwrJljnft fflcWr, 

A’urrtirt 2Th 

AVfTtMi tpp , 5"V 

Ayrnf^iytum 132 

It j nan alkam t, 350 


T*lil.>: «lniT, VO 
Ta^Asnlw 410 
Tal^ 23 
TalV* jrtjni. 

Tanuirin<;. 223 
T»inj-*fo jalap, S'l 

7am»* r4mnufti«, 30J 

Tapio a. 1* 

IwfSM JR" 
rnn»m<^«n. 2Vl 

ctrtiiU, ft**,!, 

T.-a. 133 13', 

Tr«. At^^.mian. 130 
T,‘0, AffirsWl, 130 
7r*, »«ul.. 13fi 

T»^, K«fvj*>-, 130 

T»a, iT>*nl«. I3*i 
Ta* n»<f. IK 


L Mril 


. «3'- 


T,^. !**}•<•%»*), IK' 
TA-lar-y! 1*.: 

7 rj 

Irrta 3',''< 

T,-.?*, K7 

Ttfr-tfl-ntt eM 
3 •’'ST'AJkl »J «'«»'». 


J:J Jfi 


W3 


Tolu. 430 
ToRco l>can», 1*5 
Tonquin tnuak, 403 
Totaqtuna, S7 
TnirRojcl'', 45 
rrnfAyrjvm»/w 2K» 

TragacAnth pt»». 4‘n 
Tnv of fi''At'rfT. 

O'! 

Tft’jonelUt /crnM**i y*MTwm. 2<”t 
ToiifMAn ffpAn». 34* 

TroaiJJtf, «jf*a. IIS 

Ttyprtn ttrmrti'ijrtt. 101 

'INmtu'l tlricr, 07 
Tufkpy r«l oil. 417 
Turkialj opmiT), 3‘*5, 3''0 
Tumionr. 330 
Tumt'r, 3V , 2 
Turpoutino, oil of, 4|S 
Tu**i//*7o/in^i»ni. IK.'i 

' tUmu* /vim. 71 
L'ltm-'noW 4'»t 
Vmbrllift mu< fruit*, 211 
t^orono Sl'i't 

Cnorpaiijioil ilnisr*. 3v3 
I'jV.nfo WA;, 131- 
(*fy>n*<> in/f»rii. IS*- 
U\Aur«i, 115 

myrtillu*, {ra, 1.1'V 
} (m'lniM''! riti* fimt, |l(t 

4’aWtan rluxonjo. 311- 313 

I'o/mond p^K^naft*, 31 1 
l*of***o>u» j>Aw, 313 

itoHiaAo, 32* 
VanjJJa, 23'l 
Vaiitlliu, 231 
Win l«l-i tiiiml**r, lf>* 

Woko inriK-niino. 410 
Wra tViit »ar*B{x«*iIU. 377 
Wfatnr.o, 203 

irT«Hi, 1|3 
Wralrxim. >*h>io, 3|3 
rfr*,n«<-|i>n CK>ip"»tt, 13; 
Vr«*r'l>, » j Vm. 4 7 
I »*’*rn«*> p*wni/i4.«.»,, Tt 

3«e4!ii*o »3i*kfnx,i. 330 

\.u<r>.h ii-t 
[ \i)aniin It ron-jJ,**. ;i7 
t Vitariiiti r. 2t0. 2i* 

I \.Urm«. 1> H*. 


I W'ttttt a«l< (ail, 7( 

' 33al»'»>fa»k *3 
I Wa*., ;i». 21 

I WaiBf {..»». r.ijj.iv, I 
{ |.,r». 

44**^* t *•‘1,4, ;Tr 

t (V> 

I 43«*^»rn 35, 

U1 >•» .. fi 

I \\\ •. J)5 


604 


IXDEX 


White ipecacuanha, 364 
White senega, 362 
^Yhito wax, 461 
Wild cherry bark, 74 
Wild cinnamon bark, fiC 
Witch hazel bark, 88 
Witch-hazel loaves, 125 
Wood apple, 213 
Wood cellulose, 35 
Woods, density of, 43 
Wool, animal, 39 
Wool fat, 454 
Wormsecd, 103 — 105 
Wuriis, 20, 21 


XakthuiM leaves, 28S 
Xylem, 45, 40 


Yeast, 260 
Yeast, dried, 257 
Yellow bark, 84 
Yellow jasmine, 325 
Yemen mjTrh, 429 
Yerbn santa, 113 
Yugo-slavian opium, 38(J 
Yunan musk, 404 


Zakzidar nlocx, 392 
Zanzibar chillies, 230 
Zanzibar cloves, 161 
Zra mays, carj'opsis, ros 
Zea nuiyf, starch, ft, 16 
Zctloary, 337 
Zingiber, 337 — 342 
Zingiber miogcj, 341 
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